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Economy class physics 

At its December meet ing, CERN 's 
governing body, Counci l , took 

the important decision that the 
Laboratory 's big project for the next 
mi l lenium, the LHC proton coll ider, 
shall be completed in a single stage 
and planning shall proceed on the 
basis that the LHC will be commis
s ioned in 2005. 

W h e n a green light for LHC had first 
been i l luminated at the December 
1994 Counci l meet ing, the 
understanding was for a two-stage 
project, with an initial intermediate 
energy and the coll ider only attaining 
its design energy of some 7 TeV per 
beam in 2008. However at that t ime 
Counci l said that if sufficient interest 
and f inancial commi tment were 
for thcoming from non-Member 
States, the project might be 
completed in a single stage. 

Since then, non-Member State 
interest and commi tment for the LHC 
have snowbal led. Japan made an 
initial generous contr ibut ion of 5 
bill ion yen, and at the December 
1996 Counci l meet ing p ledged a 
further contr ibut ion of 3.85 billion yen 
(some 33 mill ion dol lars), subject 
however to final approval by the 
Japanese parl iament. At the Counci l 
meet ing, Japanese delegate Daisuke 
Machida said T h e Japanese 
government hopes that this decision 
substant ial ly contr ibutes to the 
success of future work at this famous 
research centre' . 

Last year, agreements for the LHC 
accelerator had also been s igned in 
March with India with a net value for 
C E R N of $12.5 mil l ion, in June with 
Russia (50 million dol lars), and with 
the Canadian T R I U M F Laboratory for 
an in-kind contr ibut ion with a value of 
$30 mill ion Canadian. 

In the US, a cooperat ion agreement 
has been drafted outl ining a 
contr ibut ion to the LHC accelerator 

f rom the Depar tment of Energy 
(DOE) of $200 mil l ion, and 
contr ibut ions f rom the DOE and the 
National Science Foundat ion for the 
ATLAS and C M S exper iments at 
LHC total l ing $330 mil l ion. C E R N 
Counci l approved this text. 

However this impressive LHC 
blueprint for physics in the next 
mi l lennium was approved against a 
sad background of budget 
reduct ions. Early last year, C E R N 
management had been 
congratulat ing itself on having 
obtained initial LHC approval and 
gaining signif icant assurances of 
backing f rom non-Member States. 
Then in an August bombshel l , 
Germany unexpectedly sought a 
reduction in its contr ibution to the 
C E R N budget. 

This proposal naturally received a 
hostile reception at CERN but also 
did not f ind favour with most other 
Member States. However after 
intense d iscussion, it was decided 
that whi le LHC funding would remain 
intact, CERN 's overall budget, 
compared to that foreseen in 1994, 
would be reduced by an 
unprecedented 7.5% in 1997, with 
reduct ions increasing to 8 .5% in 
1998-2000, and to 9 .3% thereafter. 
Take-home pay of CERN staff will be 
cut by 2 .5%. 

However Counci l gave C E R N 
management addit ional flexibility to 
bankroll the LHC, with payments 
extended to 2008 if need be. 

Wi th manpower and expenditure for 
LHC untouched, these cuts fall on 
the remainder of the research 
programme. In his tradit ional end-
year summary of scientific 
ach ievements , C E R N Director 
General Chr is Llewellyn Smith 
proudly pointed to an impressive 
array of results. The tone for 1996 
had been set with the announcement 

of the discovery of ant ihydrogen at 
the LEAR low energy ant iproton ring. 
Another LEAR result had been the 
conf i rmat ion by the Crystal Barrel 
exper iment of a 'glueball ' , a 
subnuclear state made of gluons, the 
part icles which carry the inter-quark 
force, but no quarks. The heavy ion 
exper iments at the SPS synchrotron 
had uncovered important addit ional 
ev idence that the long-awaited 
quark-gluon p lasma, the high 
temperature precursor of everyday 
nuclear matter, was within reach, 
whi le the LEP electron-positron 
coll ider provided its first batch of 
pairs of W part icles, the electrically 
charged carr iers of the weak nuclear 
force. 

Applauding this latest research 
harvest, Llewellyn Smith hinted that 
future such summar ies would risk 
being less impressive. The LEAR low 
energy ant iproton ring is now c losed 
and the exper imental p rogramme at 
the SPS is gradual ly being run down, 
sacrif icial lambs to the LHC. 
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Around the Laboratories 

CERN 
One year of LEP2 

LEP2, as CERN 's LEP electron-
positron coll ider is now cal led to 

under l ine its higher beam energ ies, 
f in ished 1996 operat ions in mid-
November and the four big 
exper iments retired to cont inue 
careful ly analys ing the new physics 
condi t ions enjoyed dur ing the first 
comple te year of LEP2 operat ions. 
LEP2 's 1996 debut was a major 
success , demonst ra t ing the 
impressive accompl ishments of its 
superconduct ing accelerat ion power. 

After six years faithful ly logging LEP 
electron-posi t ron annihi lat ions into 
Zs , the neutral carr iers of the weak 
force, around 91 GeV, 'LEP 1.5 ' , 
f lexing its first superconduct ing 
radiof requency muscles, debuted in 
1995 at a higher energy of 140 GeV 
(70 GeV per beam) . 

Wi th addit ional superconduct ing 
power on board, last summer the 
fu l ly- f ledged LEP2 ran for six weeks 
at 161 GeV (80.5 GeV per beam) , 
giv ing the four exper iments , A leph , 
Delphi , L3 and Opal , their first taste 
of W pairs, the electrically charged 
carr iers of the weak force (October 
1996, page 18). 

Th is initial W pair col lect ion run 
hal ted as schedu led in mid-August 
for LEP2 to reinforce its 
superconduct ing radiof requency 
power by the addit ion of 28 more 
cavi t ies, and on 19 October the 
mach ine duly responded with a new 
high energy of 172 GeV (86 GeV per 
beam) . The integrated luminosity (a 
measure how many electron-posi t ron 
col l is ions were del ivered for physics) 
for the year reached 24 inverse 
p icobarns, a modest total by LEP 
s tandards, but nevertheless an 

Over 500 beam position monitors around the 
27-kilometre LEP ring trace carefully the 
circulating particles. This shows the difference 
between the electron and positron closed 
orbits. The horizontal plane (above) shows 
characteristic 'sawteeth' - the energy 
difference between the two beams - reaching a 
maximum when one beam receives a 
radiofrequency kick while the other is just 
arriving after experiencing the inexorable slow 
energy loss due to synchrotron radiation. The 
vertical plane (below) shows how the 
circulating bunch trains are bumped by 
electrostatic separators to avoid unwanted 
collisions between electron and positron 
bunches. 

encourag ing score as the machine 
had to remain si lent for long per iods 
whi le its addi t ional superconduct ing 
power was being instal led. 

LEP2 's 176 superconduct ing 
rad io f requencycav i t ies and couplers 
worked wel l , but del icate forced 
osci l lat ion effects effectively l imited 
the electron-posi t ron beam currents 
which could be handled. 

In the cont inual search for improved 
operat ional condi t ions, LEP has tr ied 
out a ser ies of beam tunes. 1996 
operat ion began with a mixed 1 0 8 7 
60° horizontal/vert ical phase advance 
using a beam conf igurat ion of four 
trains of two bunches per beam. 
However this did not live up to 
expectat ions and operat ion shifted to 
a 9 0 7 6 0 ° tune. This was a 
spectacular success, with luminosity 
increasing faster than it ever had 
before, and a max imum 
instantaneous luminosity of 3.4 x 10 3 1 

per sq cm per s. After val iant 
radiof requency efforts to improve the 
reliability of an extremely complex 
sys tem, LEP2 's act began to look 
very together, and the operat ions 
c rew were once more able to enjoy 
the sat isfact ion of choosing the 
moment to dump coast ing beams 
and replace them with fresh part ic les, 
rather than being the hapless v ict ims 
of teething problems and equ ipment 

fai lures. 
The caut ionary radiofrequency limit 

meant that four bunches per beam 
were used for the most part. 
However when this limit was raised, 
operat ion swi tched to bunch trains, 
wi th four trains of two bunches per 
beam. 

However higher LEP2 energies 
were expected to increase the beam 
size and a compensatory new 1 0 8 7 
90° low emi t tance tune was 
schedu led . At the beginning of 
November , LEP was shut down 
again briefly for its sextupole 
magnets to be recabled to handle 
these new condi t ions. Whi le the goal 
w a s to opt imize the beam size 
(emit tance), the operat ions crew 
were d isappointed when the new 
scheme appeared to have possible 
impl icat ions for beam stabil i ty. The 
dynamic aper ture, the range of 
running condi t ions under wh ich 
beams are stable, was much more 
restr icted than had been expected. 

In January, LEP team tradit ional ly 
migrate to a workshop in Chamon ix 
in the French Alps to review the past 
year 's ach ievements and thrash out 
p lans for the coming year. 

On the mach ine front, with no more 
empty space for extra 
superconduct ing cavit ies to be 
instal led, a major phase of 
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A r o u n d t h e L a b o r a t o r i e s 

The EMC spectrometer in 1978 during CERN's 
first muon physics run. At the back of the hall 
(top right) can be seen CERN's other big muon 
experiment, BCDMS. 
(Photo CERN X 500-5-78) 

superconduct ing cavity instal lat ion is 
comple te . To take the beam energy 
higher, this winter 34 of LEP's 120 
convent ional radiofrequency 
accelerat ing cavit ies will be removed 
and replaced by 32 superconduct ing 
ones , opening up the prospect of 94 
GeV per beam for 1997. 

Over the muon 

n 1974, 45 physicists f rom 13 
insti tut ions put their names to 

C E R N proposal SPSC/P18 , and a 
new era in particle physics history 
w a s born. The European Muon 
Col laborat ion, EMC, grew to over 70 
col laborators, and col lected its first 
data in 1978 with the new Super 
Proton Synchrotron high intensity 
muon beam. Last September , the 
Spin Muon Col laborat ion, S M C , f inal 
successor to the EMC, had its f inal 
run, br inging to an end a 22 year era 
of muon physics wi th the EMC 
spectrometer . 

By today 's s tandards, 70 
col laborators seems modest , but the 
E M C proposal came at a turning 
point in part icle physics research. 
For the first t ime, col laborat ions 
bui lding electronic counter 
exper iments were attaining cast lists 
only previously seen in bubble 
chamber col laborat ions. 

The original EMC, with Erwin 
Gabathu ler as elder s ta tesman, 
s tayed together until 1986, publ ishing 
71 papers and twice confounding the 
wor ld of physics with unforeseen 
results. The paper announc ing one 
of these was still in the top-20 chart 
of most ci ted high energy physics 
papers seven years after publ icat ion 
(March 1995, page 21) . 

Its initial task complete , in 1986, the 
E M C f ragmented as members 
migrated to exper iments prepar ing 

for physics at the Large Electron 
Positron coll ider, LEP. A new 
col laborat ion took over and upgraded 
the apparatus, ready to look deeper 
into quest ions raised by the 
unexpected EMC results. The new 
col laborat ion chr istened itself the 
New Muon Col laborat ion, NMC, and 
ran until 1991 before passing the 
baton to the Spin Muon 
Col laborat ion. 

CERN 's muon programme was 
establ ished with the goal of 
measur ing the momen tum 
distr ibut ion of quarks inside 
nucleons, the so-cal led nucleon 
structure funct ions. This initial task 
was to provide essential input for 
understanding the results of proton-
proton col l is ions at the ISR, as well 
as the proton-ant iproton col l is ions 
foreseen at CERN's Super Proton 
Synchrot ron coll ider. Structure 
funct ion results have lost none of 
their importance in the intervening 
years , and will be equally as vital at 
the Large Hadron Coll ider, LHC, as 
they were at previous generat ions of 

hadron col l ider exper iments. 
In the early days of CERN 's muon 

p rogramme, two exper iments shared 
the same beam and the same hall. 
The EMC was first in line and 
downs t ream was another major 
exper iment , initially led by Car lo 
Rubbia and named B C D M S after the 
initials of its col laborat ing insti tut ions. 
This ar rangement may appear to be 
uneven, wi th E M C gett ing beam 
priority. But CERN 's muon beam 
del ivered around 10 mil l ion muons in 
each two second pulse, and for each 
pulse, just 100 muons col l ided in the 
EMC target, leaving plenty for 
B C D M S . 

In the s implest picture of nucleons, 
a proton or a neutron contains three 
quarks. But reality is a little more 
complex, the g luons st icking these 
three so-cal led va lence quarks 
together somet imes split momentar i ly 
into pairs of quarks and ant iquarks. 
This leads to a foaming 'sea' of low-
momen tum quark-ant iquark pairs as 
wel l as the three h igh-momentum 
va lence quarks. 
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A r o u n d t h e L a b o r a t o r i e s 

E M C and B C D M S measured the 
distr ibut ion of momen ta of all these 
quarks by fir ing high energy muons 
deep inside nucleons, and measur ing 
the way they bounced off the quarks 
inside. Both exper iments star ted off 
using targets of heavy nuclei , 
max imiz ing the probabi l i ty that an 
incident muon wou ld str ike a proton 
or neut ron. They later used targets 
of deu ter ium, where the nuc leons are 
much less densely packed . 

Physic ists expected little d i f ference 
be tween the structure funct ions f rom 
light nuclei and those f rom heavy 
ones , but when EMC physic ists 
compared their iron and deuter ium 
data, they found a rather dif ferent 
picture. The quarks inside nuc leons 
e m b e d d e d in a heavy iron nucleus 
behave very dif ferently f rom those 
inside the a lmost free nuc leons in a 
deuter ium nucleus. Th is effect c a m e 
to be cal led the EMC effect, and w a s 
the first surpr ise to c o m e out of 
C E R N ' s muon p rogramme. 

The second came in a later 
exper iment by the E M C in wh ich 
polar ized muons were f ired at 
polar ized protons. Just like miniature 
sp inning tops, protons spin about 
their axes, and by scatter ing 
polar ized muons f rom polar ized 
protons, informat ion can be g leaned 
about the spin of the quarks inside. It 
w a s once thought that the proton's 
spin comes s imply f rom add ing up 
the spins of the quarks, but the E M C 
measurement showed that the quark 
sp ins largely cancel out, leaving the 
proton's spin in crisis. 

The EMC's successors have 
studied these effects in depth . N M C 
concent ra ted largely on the EMC 
effect, wh ich is now ext remely wel l 
measured . Theoret ic ians have been 
scratch ing their heads to try and 
explain it, and many models have 
been proposed. S o m e have fal len by 

the ways ide , but the jury is still out on 
what the real cause of the EMC 
effect might be. 

The S M C , as its name suggests , 
concent ra ted on the spin crisis, and 
dev ised a state-of- the-art polar ized 
target specif ical ly for the job. S M C 
results reveal that only one fifth of the 
proton's spin comes f rom quarks. 
The rest, it is now bel ieved, must be 
due at least in part to spinning 
g luons. 

For now, muon physics takes a 
break at C E R N . But with the proton's 
spin still a mystery, exper iments are 
at the p lanning s tage to carry on 
where S M C has just left off. 

In the right channel 

Thanks to 'channel ing ' - the 
steer ing and def lect ion of 

part ic les by the strong f ields due to 
the atomic symmet ry in crystals - a 
t iny crystal we igh ing a few grams, 
when mechanica l ly bent by just a few 
microns, can have the same effect on 
charged part ic les as a bending 
magnet we igh ing several tons. 

Th is effect has been invest igated 
for many years . At Serpukhov, near 
Moscow, proton beams have actual ly 
been ext racted and del ivered to 
var ious exper iments in this way , 
whi le at C E R N , a bent crystal is used 
in a novel or ientat ion to der ive the 
twin beams for the NA48 exper iment 
measur ing C P violat ion. Bent crystals 
are also be ing studied at Dubna and 
Fermi lab. 

Work so far has concentra ted on 
the relat ively easi ly manufactured 
si l icon crystals, but in 1996 an 
exper iment at C E R N used 
ge rman ium. Its heavier nuclei with a 
bigger charge have a greater effect 
on steer ing the beam part icles, giving 
an effect ive bending eff ic iency as 

much as a hundred t imes larger than 
si l icon at high energy and large 
def lect ion angles. 

C E R N does not yet use bent 
crystals to extract the beams for 
actual exper iments , but a ser ies of 
'mach ine deve lopment ' tr ials have 
extensively exp lored the feasibi l i ty of 
this approach . In 1996, proton beams 
of 14, 120 and 270 GeV were 
ext racted. In another recent 
deve lopment at C E R N , a high energy 
beam of lead ions, ful ly st r ipped of 
e lectrons (82-fold charged ions of 
270 GeV per charge, giving a total 
energy of 22 TeV) was successful ly 
extracted f rom the SPS by a bent 
crystal , the first t ime that such high 
energy ions have ever been handled 
in this way. 

Other tests, per formed by an 
A a r h u s - C E R N col laborat ion in an 
external S P S beaml ine, showed that 
33 TeV lead ions (400 GeV per 
charge) are def lected by crystals to 
the same extent as protons of an 
equivalent m o m e n t u m . These 
crystals, typical ly 50 mi l l imetres in 
the beam direct ion, 10 m m wide and 
1 m m thick, can bend high energy 
beams through 20 mil l i radians and 
more , enough to def lect the beam by 
20 metres over a k i lometre. 

4-1 0 5 

o 2-1 o 5 

CD 

E 
0 _^ 
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deflection angle [mrad] 

Crystal clear - a 33 TeV beam of lead ions 
(400 GeV per charge) at CERN was steered 
through four milliradians using a bent crystal. 
About 15% of the beam particles were 
channeled and deflected. 
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Comparing nucleus-nucleus collisions to those 
of protons on nuclei, the three WA 
experiments based on the Omega 
spectrometer find that particle production does 
increase with strangeness content - there are 
more lambdas (one unit of strangeness) than 
pions (no strangeness), and more ksis (two 
units of strangeness) than lambdas. 

Goliath and the North
west passage 

I n the reorganizat ion of f ixed target 
physics at CERN's SPS 

synchrotron in the runup to CERN's 
LHC proton coll ider (November 1995, 
page 5), the heavy ion programme is 
being focused on the North 
exper imental area. 

Research with heavy ions began at 
the SPS ten years ago, and has been 
tradit ionally split between the West 
and the North exper imental areas. In 
the West area, a valuable series of 
exper iments has been carr ied out 
using the general -purpose O m e g a 
spectrometer - W A 8 5 using sulphur 
beams on a tungsten target, W A 9 4 
using sulphur beams on a sulphur 
target, and W A 9 7 using lead beams 
and a lead target. 

The West area has also been the 
home of several other heavy ion 
studies, including the large WA93 /98 
spectrometer, with the Plastic Ball 
detector, originally used at the 
Berkeley Bevalac, housed inside the 
Goliath magnet together with a 
downst ream lead-glass calor imeter. 

A particular object ive of the series 
of exper iments at the O m e g a 
spectrometer has been to measure 
the yields of particles carrying the 
st rangeness quantum number -
kaons and hyperons. An increased 
st rangeness yield is expected to be 
one signal for the onset of the long-
awai ted quark-gluon p lasma - a 
'soup' formed when the nuclear 
matter formed in the coll ision gets so 
hot and so compressed that the 
boundar ies between individual 
subnuclear particles melt. 

Compar ing nucleus-nucleus 
col l isions to those of protons on 
nuclei , the three W A exper iments 
based on the Omega spectrometer 

f ind that particle production does 
increase with strangeness content -
there are more lambdas (one unit of 
s t rangeness) than pions (no 
st rangeness) , and more ksis (two 
units of st rangeness) than lambdas. 
More recently, W A 9 7 has seen signs 
of increased omega production (three 
units of strangeness) compared with 
ksis. This st rangeness concentrat ion 
suggests that quark-gluon p lasma is 
not that far away. 

To cont inue this investigation, 
NA57, a new experiment by a 
col laborat ion of scientists f rom the 
Czech Republ ic, France, Italy, the 
Nether lands, Norway, Russia, 
Slovakia and the UK, as well as 
C E R N , will build a new spectrometer 
in the SPS North Area. 

The new exper iment will also use a 
lower ion beam energy, 40 GeV per 
nucleon, as well as the previous 160 
GeV, extending the coverage of 
possible quark-gluon transit ion. 

The p lanned setup resembles 
W A 9 7 , with a spectrometer 
consist ing of series of sil icon pixel 
arrays inside the Goliath magnet. 

This magnet , originally built at 
Saclay, was used in a 
photoproduct ion exper iment in the 
North Area and subsequent ly shifted 
to the West Area for work with W A 9 3 / 
98. With its career path in the West 
area now at an end, Goliath is to 
make the trek back to the North. 

NIKHEF 
More Am PS 

D uring a prel iminary run last 
September, longitudinally 

polar ized electrons were stored in the 
Amsterdam Pulse Stretcher (AmPS), 
the 210-metre electron storage ring 
at the Dutch N IKHEF research 
centre. 

Produced f rom a strained crystal of 
gal l ium arsenide using a circularly 
polar ized laser beam, the polarized 
electrons were then grouped into 
bunches. After accelerat ion to 400 
keV, the electron spin orientation was 
manipulated by an arrangement of 
electric and magnet ic f ields. Finally, 
the electrons were accelerated to 
600 MeV and injected into AmPS. 

At present, the system is opt imized 
for the first ser ies of exper iments this 
year. Amste rdam is the first place in 
the wor ld where longitudinally 
polar ized electrons are actually 
injected and stored for long periods 
of t ime. (Longitudinal ly polarized 
electrons produced the same way at 
the SLAC linear accelerator, 
Stanford, are only briefly stored in a 
damping ring en route to their once-
only passage down the linac.) 

In most larger storage rings, beams 
of t ransversely polarized electrons 
are created via the Sokolov-Ternov 
effect (when electrons flip their spin 
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after emit t ing synchrot ron radiat ion). 
Th is happens more often for 
e lect rons wi th spins paral lel to the 
magnet ic f ield in the ring than for 
those with anti-paral lel sp in, result ing 
in an excess of the latter. In these 
cases , longitudinal polar izat ion has to 
be establ ished using specia l spin 
rotator magnets , as is done at the 
H E R A electron ring at DESY, 
Hamburg . 

But producing polar izat ion by 
synchrot ron radiat ion depends on 
b e a m energy and on the strength of 
the f ield, and in the A m P S 
conf igurat ion would take up to a 
week . Preference was therefore 
g iven to direct product ion of 
longitudinal ly polar ized electrons in a 
gal l ium arsenide source. 

The source was built at the Budker 
Insti tute, Novosibi rsk, wh ich has 
been closely cooperat ing with 
N I K H E F since 1986. In mainta in ing 
the required ultra-high vacuum (10-9 
Pa) , N IKHEF also profits f rom 
prev ious exper ience at SLAC. 

Inside the storage r ing, the 
longitudinal electron polar izat ion is 
conserved by a 'Siber ian Snake ' . 
Th is superconduct ing so leno id , also 
built in Novosibirsk, ensures that the 
e lect rons arr ive proper ly polar ized at 
the target. The overal l polar izat ion is 
measured using Compton -
backscat ter ing and found to be the 
s a m e as at the source. 

For the first exper iments , using a 
polar ized internal hel ium-3 target, 
N I K H E F a ims for a current of more 
than 100 mA. 

The polar ized beam is acce lerated 
in 0.7 microsecond pulses and each 

Inside the AmPS storage ring, longitudinal 
electron polarization is conserved by this 
'Siberian Snake' superconducting solenoid, 
also built at Novosibirsk. 

Injector for the 210-metre Amsterdam Pulse 
Stretcher (AmPS) electron storage ring at the 
Dutch NIKHEF research centre which now 
stores longitudinally polarized electrons. On 
the left is the gun chamber which produces 
100 keVpolarized electrons. The extracted 
electrons are bent through 90° and pass 
through a Z-shaped spin manipulator. Top 
right is a Mott polarimeter. The source was 
built at the Budker Institute, Novosibirsk, which 
has been closely cooperating with NIKHEF 
since 1986. 
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DESY Director Bjorn Wiik is the new chairman 
of ICFA - the International Committee for 
Future Accelerators. 
(Photo Patrick Piel) 

pulse fills the entire s torage r ing. A 
cont inuous beam of 100 mA is then 
obta ined by "s tack ing" the individual 
pu lses on top of each other. 

It is a chal lenge to reach a high 
s tack ing eff ic iency, demand ing that 
the beam shifts as little as possib le. 
Such shifts easi ly occur when a new 
bunch is injected and may lead to 
losses. Th is is made more difficult 
s ince there is little room: the beam 
must pass through the internal target, 
a tube 40 c m long and only 15 m m 
w ide . 

Th is target, built at N IKHEF, is of 
s imi lar des ign to that used in the 
H E R M E S exper iment at DESY. 
Raref ied gas is p u m p e d th rough a T-
shaped storage cell wh ich is p laced 
inside the beampipe . A toms spend 
on average 5 ms in this open-ended 
cel l . They are polar ized be forehand 
by circular ly polar ized laser beams in 
combina t ion with a w e a k external 
magnet ic f ie ld. The target th ickness 
inside the s torage cell is about 2 
x 1 0 1 5 a toms per sq cm and the 
polar izat ion is about 5 0 % . There is 
no background f rom scat ter ing in the 
target wal ls . For the s a m e reason low 
energy recoil part ic les can be 
detec ted and this a l lows dif ferent 
f inal s tates to be d iscerned. 

Scat tered e lectrons are detected in 
the 20- ton Big Bite detector built at 
the Budker Institute. The exper iments 
a im to compare the magnet ic 
momen t of hel ium-3 wi th that of the 
neut ron. The hel ium-3 nuc leus can , 
to a good approx imat ion , be 
descr ibed as two protons wi th ant i -
paral lel spin and one neut ron. The 
spin of the nucleus is then to a large 
extent equal to the neutron sp in . 
Precis ion exper iments at N I K H E F will 
a l low the smal l deviat ions to be 
s tud ied. 

The polar izat ion also g ives a handle 
on the neutron charge distr ibut ion. 

There is a wor ldwide effort to 
measure this charge form factor -
exper iments are being prepared at 
Mainz, CEBAF/Je f fe rson and MIT. 
However these use external targets 
with ext racted polar ized electron 
beams. 

ICFA 
Collaboration 

W ith internat ional col laborat ion 
now such an essent ial part of 

high energy physics, ICFA - the 
Internat ional Commi t tee for Future 
Acce lera tors - provides a useful 
fo rum to d iscuss plans and exchange 
opin ions. A key feature of the ICFA 
ca lendar is its tr iennial 'perspect ives ' 
seminar , and the fifth such meet ing , 
held at the Japanese KEK Laboratory 
f rom 15-18 October , ref lected current 
object ives and concerns. 

The main official s ta tement said 
T h e meet ing focused on the high 
energy frontier. The LHC proton 
col l ider project at C E R N is essent ia l 
for progress in the f ield and ICFA 
hopes that it wil l be comple ted as 
early as possib le. It will address 
today 's key quest ions and open a 
new energy doma in . Its impor tance is 
indicated by the commi tment of 
C E R N non -Member States to suppor t 
both the facil i ty and the exper iments . 
The LHC is becoming a true wor ld 
facil i ty. W e note with concern recent 
indicat ions of possible prob lems in 
C E R N M e m b e r States with LHC 
fund ing. Stab le funding is important 
for effect ive real izat ion of such large 
projects. ICFA is therefore p leased to 
note that the Member States recent ly 
"reaff i rmed their st rong and 
unan imous suppor t for the LHC 
p rog ramme and their wish to f ind a 
quick and stable solut ion to the 

budget prob lem wh ich will a l low the 
LHC to be comp le ted in a s ingle 
s tage as ear ly as possible". (See 
page 1.) 

Much of the progress of the past 25 
years has c o m e because of the 
dif ferent capabi l i t ies of two types of 
accelerator : hadron and electron 
col l iders. Thus the second major 
focus of the seminar was on progress 
in deve lop ing the techno logy that wil l 
a l low the const ruct ion of an electron 
l inear col l ider that will comp lement 
the LHC. A wel l -coord inated research 
and deve lopment p rog ramme has 
been underway for many years . It 
now appears that an engineer ing 
des ign study can begin in the next 
few years that wil l result in a proposal 
for a specif ic project. W e bel ieve that 
such a facil i ty shou ld be real ized as a 
wor ld -w ide enterpr ise on a basis 
deve loped joint ly by interested 
scienti f ic commun i t i es and their 
governments . 

The seminar inc luded reviews of the 
ongo ing p rog rammes close to 
comple t ion at the wor ld 's part icle 
accelerator laborator ies. Difficult 
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f inancial c l imates in most regions of 
the wor ld have required hard 
choices. Even so, ICFA notes 
impressive progress and ant ic ipates 
that the coming few years will result 
in substant ial advances in our 
understanding of the nature of matter 
and forces. ' 

As descr ibed in reports at the 
meet ing, research and deve lopment 
work on electron l inear col l iders is 
pushing ahead conf ident ly on a 
broad front, with different 
accelerat ing radiofrequency bands 
and techniques being studied at 
major laborator ies in Europe, the US, 
Japan and Russia (see page 34) . 

A lso presented at the meet ing were 
plans for the LHC machine and its 
exper imenta l p rogramme (which 
could have bright prospects for 
develop ing supersymmet ry - see 
page 21) , perspect ives for possible 
electron-posi t ron physics, and 
advanced accelerator technologies. 

Col laborat ion means 
communica t ion , and another area 
where high energy physics has been 
part icularly influential is the field of 
te lecommunicat ions, where the need 
for large col laborat ions with wide 
geographica l spreads to share large 
vo lumes of data has spawned major 
projects for high bandwidth 
t ransmiss ion, and in part icular 
cata lysed the deve lopment of the 
Wor ld Wide W e b on the internet. 

Thus a second ICFA statement said 
'Over the past two decades , high 
energy physics exper iments have 
become fewer in number and larger. 
They are now often carr ied out at 
laborator ies far f rom home 
insti tut ions. Indeed, exper iments are 
f requent ly on other cont inents. 

The ability of researchers to 
part ic ipate fully in the life of their 
home institutions and s imul taneously 
to fulfil their commi tments to the 

preparat ion, data-taking and analysis 
of their exper iments has come to 
depend crucial ly on access to good 
computer network ing. 

The availabi l i ty of powerful low-cost 
distr ibuted comput ing, the existence 
of w ide-area networks with the 
potential for h igh-bandwidth 
t ransmiss ion, the availabil i ty of 
powerfu l network ing sof tware such 
as the Wor ld Wide Web , and the 
increasing maturi ty of v ideo
conferenc ing technology, have all 
changed the ways in which 
w idespread col laborat ions operate. 
The s imul taneous use of W W W and 
v ideo-conferenc ing forms an effective 
way for remote groups to part icipate 
meaningfu l ly in decis ion-making 
processes, and to col laborate 
signif icantly on data analysis and the 
preparat ion of publ icat ions. However 
for this to be really effective, 
adequate bandwidth must be 
avai lable on all of the frequent ly used 
paths, whether between the host 
laboratory and the remote 
insti tut ions, or between the var ious 
remote insti tut ions. 

ICFA notes with satisfact ion that the 
major col laborat ions and host 
laborator ies involved have act ively 
dep loyed these new modes of 
communica t ions and encouraged 
their use. ICFA urges that all 
countr ies and institutions wishing to 
part ic ipate even more effectively and 
fully in international high energy 
physics col laborat ions should : review 
their operat ing methods to ensure 
they are ful ly adapted to remote 
part ic ipat ion; and strive to provide the 
necessary communicat ions facil i t ies 
and adequate international 
bandwidth. ' 

On 1 January 1997, Fermi lab 
Director John Peoples officially 
handed over the chai rmanship of 
ICFA to DESY Director Bjorn Wiik. 

Schooltime 

C ERN's ca lendar includes three 
regular schools - for 

accelerators, comput ing and physics. 
The 1996-7 academic year for 

accelerator schools started with a 
course joint ly organized by the C E R N 
Accelerator School and its opposi te 
numbers , K E K P A S in Japan and 
U S P A S in the United States. Over a 
hundred part ic ipants, most ly but not 
exclusively f rom Asia, assembled in 
early September to learn about "RF 
Engineer ing for Accelerators" at 
Shonan Vi l lage Centre, Japan . 

The team of lecturers consisted of 
experts f rom Asia, Europe and North 
Amer ica , as wel l as f rom Russia, 
wh ich will become the fourth partner 
in this Wor ld Accelerator School 
when the next course in the ser ies is 
held in Oxford , England, in 1998. 

One of the highl ights of the school 
was a practical course on microwave 
measurements set up by John Byrd 
and Fritz Caspers with the generous 
support of Hewlett Packard who 
provided a number of network 
analysers and other microwave 
equipment . 

Soon after, in late October, CAS 
held their " Introduct ion to Accelerator 
Physics" course in Cascais , Portugal , 
in conjunct ion wi th the Laborator io de 
Instrumentagao e Fisica 
Exper imental de Part iculas, Lisboa. 
This , the first of three courses 
des igned to span the field up to the 
most advanced concepts, attracted 
a lmost 100 part ic ipants - an 
encourag ing sign that a new 
generat ion is eager to contr ibute to 
accelerator technology. 

A number of the part icipants at 
these two schools had scholarships 
funded by U N E S C O for scient ists 
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and eng ineers f rom deve lop ing 
count r ies , including representat ives 
f rom China, India, Mex ico , and 
Niger ia. U N E S C O will cont inue to 
award these scholarsh ips for future 
schoo ls . 

The academic year cont inues in 
1997 with a school on Magnet 
Measu remen ts (Measurement and 
A l ignment of Accelerator and 
Detector Magnets) in Anacapr i , Italy, 
o rgan ized in col laborat ion wi th INFN 
Naples and local universi ty 
depar tments , f rom 11-17 Apr i l , and 
an Intermediate Level course on 
Acce lera tor Physics in Gjov ik , 
Norway, organ ized in col laborat ion 
wi th the Universi ty of Os lo , f rom 1-12 
September . 

Further informat ion f rom the C A S 
Secretar iat , Mrs. S. von War tbu rg , 
A C Div is ion, C E R N , CH-1211 
G e n e v a 23 , fax +41 22 767 5460 , e-
mai l Suzanne .von .War tbu rg@cern .ch 

Meanwh i le the 1996 C E R N Schoo l 
of Compu t ing , f rom 8 - 21 
September , at the Hotel Zu iderdu in , 
E g m o n d aan Zee (Nether lands) , w a s 
organ ized in col laborat ion wi th 
N I K H E F and the Dutch ASCI 
(Advanced School for Comput ing and 
Imaging) and was the first C E R N 
Schoo l to be so comb ined . The total 
number of part ic ipants w a s 9 1 ; 30 
A S C I s tudents , w h o part ic ipated in 
the first w e e k only, and 61 non -ASCI . 

The impress ive comput ing 
infrastructure inc luded one S U N file 
server, 22 S U N works ta t ions and 6 
X- termina ls worksta t ions used for the 
laboratory work, and 4 PCs for e-
mai l . The themes t reated were : 
Imag ing, Paral lel and Distr ibuted 
Compu t ing , Networks and Electronic 
H ighway, Data Acquis i t ion Sys tems, 
Col laborat ive Engineer ing and 
S imula t ion, Detectors / Imaging and 
Modern Programming Language 
T rends , in 47 one-hour lectures and 

12 hours of tutor ials and laboratory 
work , by 23 speakers . 

The twent ie th C E R N School of 
Compu t i ng , at Pruhonice (Prague) , 
Czech Republ ic , f rom 1 7 - 3 0 Augus t 
is o rgan ized in col laborat ion wi th the 
Czech A c a d e m y of Sc iences and the 
Char les Universi ty, Prague, and is 
a lso sponsored by the Computa t iona l 
Physics Group of the European 
Physical Society. Cover ing 
Informat ion Sys tems, Real -T ime 
Inst rumentat ion, Sof tware Product ion 
and Visual isat ion, the School is open 
to pos tgraduate s tudents and 
research workers wi th a few years ' 
exper ience in e lementary part icle 
phys ics, in comput ing or in related 
f ie lds. T h e 80 or so part ic ipants wil l 
c o m e most ly f rom C E R N Member 
States or f rom laborator ies c losely 
assoc ia ted wi th C E R N , but a few 
may c o m e f rom countr ies further 
af ie ld. Appl icat ions (before 1 May) to 
Jacque l ine Turner , School of 
Compu t ing , C E R N , 1211 Geneva 23 , 
Swi tzer land Te l : +41 22 767 5049 ; 
fax: +41 22 767 7155; e-mai l : 
Comput ing .Schoo l © c e r n . c h or v ia 
the W e b : h t tp : / /www.cern.ch/Phys ics / 
Con fe rences /C1997 /CSC/ 

The European School of High 
Energy Physics ( formerly the C E R N -
J INR School ) w a s held last year f rom 
1-14 Sep tember at Carry- le-Rouet , 

-4 

near Marsei l les (October 1996, page 
28) . The 1997 schoo l , o rgan ized by 
C E R N , J INR (Dubna, near Moscow) , 
and the Niels Bohr Insti tute, wil l be 
held at Naes tved , Denmark , f rom 25 
May - 7 June . The 100 or so 
part ic ipants will c o m e most ly f rom 
C E R N Member States or f rom 
laborator ies c losely assoc ia ted wi th 
C E R N , but a few may c o m e f rom 
countr ies fur ther af ie ld. Informat ion 
f rom ht tp : / /www.cern.ch/ 
Phys icSchoo l / or Susannah Tracy, 
Schoo l of Physics, C E R N / D S U , 1211 
G e n e v a 23 , Swi tzer land, phone +41 
22 767 2724 , fax +41 22 767 6760 , 
E-mail Susannah .T racy@cern .ch or 
Ta tyana Donskova , Internat ional 
Depar tment . Joint Institute for 
Nuclear Research , RU-141980 
Dubna , M o s c o w Region, Russia, 
phone +7 095 926 2252 /7 096 21 
63448 , fax +7 095 975 2381/7 096 
21 65 8 9 1 , E-mail 
donskova@ypr . j in r .dubna.su 

A course on "RF Engineering for Accelerators", 
jointly organized by the CERN Accelerator 
School and its opposite numbers, KEKPAS in 
Japan and USPAS in the United States, 
attracted over a hundred students, mostly from 
Asia, to Shonan Village Centre, Japan. Here 
East meets West as Wolfgang Vinzenz gets to 
grips with a network analyser under the 
watchful eye of Fritz Caspers (CERN) and 
Tsutomu Taniuchi (Spring 8, Japan). 
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Servant of peace 
Abdus Salam 1926-96 

After being unabie to 
communicate for the past three 
years by a crippling disease, 
Abdus Salam, world physicist 
and Nobel laureate, died on 20 
November in Oxford. 

I n September 1956 a bespectac led 
30-year old Pakistani physicist was 

returning to Cambr idge, UK, f rom a 
physics meet ing in Seatt le. Instead of 
taking a scheduled fl ight, Abdus 
Sa lam boarded a US Air Force plane 
dest ined for a USAF base in Eng
land. In those days the US Air Force 
generously suppor ted scientif ic 
research in European universit ies, 
and this support enabled physicists 
wishing to attend physics meet ings in 
the US to take advantage of special 
f l ights for US serv icemen and their 
fami l ies. 

A l though the European scientists 
were glad of the opportuni ty of cheap 
transat lant ic t ravel , these f l ights were 
notor iously inconvenient and 
uncomfor table. Check- in meant 
travel l ing to a remote air base. 
Instead of t ickets, there were 'f lying 
orders ' , mult iple copies which had to 
be successively surrendered at 
var ious stages of the journey. The 
planes were propel ler-dr iven and 
laboriously s low, some fi f teen hours 
to cross the Atlantic. The fl ights were 
f requent ly full of famil ies with young 
chi ldren, noisy and exci ted about the 
prospect of moving f rom one country 
to another. The overnight west-east 
trip was part icularly uncomfor table. 
But the European physicists 
appreciated this generous travel 
opportuni ty. 

At the Seatt le physics meet ing, 
Sa lam had l istened to Frank Yang 

explain his and Lee's ideas about 
weak interact ions breaking mirror 
symmetry . Mrs. W u & Co. had not yet 
embarked on their historic 
exper iment , but Sa lam, recept ive to 
innovat ive ideas, was prepared to 
bel ieve what Lee and Yang were 
suggest ing. As the US Air Force fl ight 
droned eastwards through the night, 
Sa lam's mind locked onto the 
prob lem. What could be special 
about the weak force to make it 
mirror sensi t ive? 

Just a few months before the 
Seatt le physics meet ing, Fred Reines 
and Clyde Cowan had sent a 
te legram to Pauli in Zurich - 'We are 
happy to inform you that we have 
definitely detected neutrinos... ' . After 
25 years, Pauli 's predict ion of a 
bizarre particle which hardly reacted 
at all had been conf i rmed, and the 
Seatt le meet ing had heard the 
impl icat ions of this physics. 

Thus neutr inos, as well as broken 
mirror symmetry , were very much on 
Salam's mind that airborne 
September night in 1956. 'I could not 
s leep, ' recal led Sa lam. 'I kept 
reflecting why Nature should violate 
left-right symmetry in weak 
interact ions. Now the hal lmark of 
most weak interactions was Pauli 's 
neutr ino. Whi le crossing the Atlantic, 
there came back to me a deeply 
percept ive quest ion about the 
neutr ino which Rudolf Peierls had 
asked me at my Ph.D. examinat ion 
a few years before - "Why is the 
neutr ino's mass zero?". ' (Peierls later 
admit ted that he did not know the 
answer to that quest ion himself, but 
knowing Salam's reputat ion, he was 
interested in the reaction it wou ld 
receive.) 

In Arabic, abd-us-sa lam means 
'servant of peace' . In 1949, the 
young servant had arr ived at C a m 
bridge as an aspir ing research 

student. However coming directly 
f rom Pakistan he had little knowledge 
of the new quantum elect rodynamics 
ideas of Feynman and Schwinger. 
Assimi lat ing these ideas in record 
t ime, he went on to apply them to 
other part ic les. With several 
landmark papers to his name and 
with a future in physics assured, in 
1951 Sa lam nevertheless chose to 
return to Pakistan to become, at the 
age of 25, Professor at the Col lege 
and Universi ty of Panjab, Lahore. 
Despi te the local prest ige of his new 
posi t ion, Sa lam found himself cut off 
f rom the exc i tement and cont inual 
st imulat ion of modern research. He 
real ized this exc i tement was his 
l i feblood, and in 1954 left his native 
land to return to Cambr idge, this t ime 
as a lecturer. Sa lam was only to stay 
at Cambr idge for two years, but it 
was to there that he was returning 
f rom Seatt le in 1956. 

Dur ing that comfor t less night in the 
air, Sa lam finally real ized the answer 
to Peierl 's tr ick quest ion. In his 
c ramped seat, Sa lam wrote down a 
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S e r v a n t of p e a c e 

Salam receives his 1979 Nobel prize from the 
King of Sweden. 

prototype neutr ino equat ion using 
s tandard Dirac formal ism. Dropping 
the mass te rm, he immediate ly saw 
that the remaining Dirac a lgebra 
cou ld act like a switch - the neutr ino 
could spin only one way but not the 
other. Sa lam realized that a zero-
mass neutr ino could be a miniscule 
corkscrew, dril l ing its way through 
space at the speed of light. Travel l ing 
at this speed , no other part icle could 
over take it, so there is no other 
van tage point to v iew the neutr ino's 
sp in . It wou ld a lways appear to point 
the same way. A convent ional right-
handed corkscrew looks lef t -handed 
w h e n ref lected in a mirror, so a 
neutr ino ref lected in a mirror wou ld 
no longer look like a neutr ino - it 
wou ld instead look like an 
ant ineutr ino. Sa lam had real ized that 
the neutr ino, Pauli 's ghost part icle, 
w a s the culprit which broke the mirror 
of weak interact ions. 

The fol lowing morn ing, an elated 
Sa lam bust led off the plane and 
rushed as fast as he could to his 
Cambr idge office, where he 
frantical ly calculated a few 
consequences of his new theory. 
Even more elated by the way 
everyth ing seemed to be work ing out, 
he rushed onto a train to 
B i rmingham, where Peierls l ived, to 
say he now had the answer to the 
tr ick quest ion posed a few years 
before. 

Peier ls ' reply was typical ly kind but 
f i rm. 1 do not bel ieve left-right 
symmet ry is v iolated in weak nuclear 
forces at al l . ' Wi th Mrs. W u & Co. still 
assembl ing their epic exper iment at 
Co lumbia University, Sa lam had 
knocked too early on Peier ls ' door. 
But the young Pakistani was 
insistent, and gave his neutr ino paper 
to a physicist who was going to visit 
Pauli in Zur ich. The reply soon came: 
'Give my regards to my fr iend Sa lam 

and tell h im to think of someth ing 
better'. Quashed , Sa lam hesi tated 
before submit t ing his mass less 
neutr ino idea for publ icat ion. Four 
months later, on 24 January 1957, 
Pauli wro te again to Sa lam. Mrs. W u 
& Co's result on the left-right 
asymmet ry in cobalt decay had been 
publ ished, and independent 
measurements had come in f rom 
Lederman and f rom Telegdi . Pauli 
changed his mind and Salam's ideas 
had been v ind icated. Meanwhi le Lee 
and Yang in the United States and 
Lev Landau in Russia had arr ived at 
a similar conclus ion about the 
neutr ino and its mirror ref lect ion. 

Soon after formulat ing his neutr ino 
theory, at the tender age of 3 1 , 
Sa lam became Professor of 
Theoret ica l Physics at London's 
prest ig ious Imperial Col lege of 
Sc ience and Technology. Wi th 
Sa lam's dr ive and ambi t ion, Imperial 
soon became one of the wor ld 's 
leading centres in f ield theory. 

As a researcher, Sa lam was a lways 
where the act ion was . Not for h im the 

isolat ion of a research retreat. Seeing 
how physics was develop ing, Sa lam 
pushed Imperial theorists towards the 
prob lems of symmet ry in particle 
classi f icat ions, and graduate student 
Yuva l Ne 'eman , at Sa lam's 
suggest ion, exp lored the impl icat ions 
of group theory in part icle physics, 
go ing on to arr ive at paral lel 
conc lus ions to those of Murray Gel l -
Mann 's 'eightfold way ' . Later, with 
Bob Delbourgo and John Strathdee, 
Sa lam explored how these internal 
part icle symmet r ies could be we lded 
with those of space- t ime. 

The pinnacle of Sa lam's physics 
career came in 1979 when he shared 
the Nobel Physics Prize with She ldon 
G lashow and Steven Weinberg for 
their unif icat ion of e lec t romagnet ism 
and the weak nuclear force in the 
'e lectroweak' theory, a word invented 
by Sa lam in 1978. This unif ication 
was the ou tcome of an effort wh ich 
had begun with Fermi but for Sa lam 
had c o m m e n c e d with a 1958 paper 
wi th John Ward and which went on 
to make Imperial Col lege a focus for 
the study and appl icat ions of sponta
neous symmet ry breaking. In 1961-2, 
We inberg and Sa lam, col laborat ing 
at long range with Jeffrey Goldstone, 
conf i rmed the predict ion that 
mass less 'Goldstone bosons ' neces
sari ly accompan ied convent ional 
spon taneous symmet ry breaking. 
A few years later, it was real ized that 
these bosons do not apply to gauge 
theor ies, and a new route was 
d iscovered, a route now known as 
the higgs mechan ism, which led in 
1967 to the e lect roweak unif icat ion. 

As wel l as his physics research, 
Sa lam worked t irelessly to further the 
cause of sc ience in developing 
countr ies. Remember ing vividly his 
own isolation when he had returned 
to his home country, in 1964 he 
founded the International Centre for 
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Physics 
monitor 

Theoret ical Physics in Tr ieste, Italy, 
now a world-class research estab
l ishment, where promising young 
scientists f rom all over the wor ld get 
a taste of front-l ine research early in 
their careers. 

Salam's deceptively soft, husky 
voice masked an iron will and 
ruthless ambit ion. He could be 
arrogant, but also used argument as 
a intellectual weapon to prise open a 
difficult problem or seek new ideas. 
A consummate international, he was 
equally at home with P.G. 
Wodehouse or the Koran. 

Despite being the only Pakistani to 
have won a Nobel Prize, and despite 
his impressive international 
achievements, Salam's posit ion in his 
home country was ambivalent. Under 
the powerful rule of Ayub Khan, 
Sa lam once wielded considerable 
inf luence. However as a member of 
the minority Ahmedi Islamic sect, he 
resigned his influential posit ion as 
chief scientific adviser in 1974 when 
Pakistan's National Assembly under 
Zulf ikar Ali Bhutto excommunica ted 
the Ahmedis f rom Islam. The 
Ahmedis claim that Mirza Ahmed , 
born in Qadian in northern India in 
the late 19th century, was the Mahdi , 
or Messiah, a v iew which is sacri lege 
to convent ional Islam. Mainly 
conf ined to Pakistan, India and East 
Afr ica, the small Ahmedi sect is a 
frequent target of intolerance and 
discr iminat ion, both f rom the religious 
or thodoxy and the mass of people. In 
1979, after the announcement of his 
Nobel award, Salam was initially 
invited to Pakistan by General Zia ul-
Haq, but other pressures soon blew 
an icy wind of excommunicat ion. 

With Salam str icken by i l lness, at 
Tr ieste it became clear he could not 
funct ion much longer as the 
Institute's Director. As a tr ibute to its 
founder, which he would be still able 

to appreciate before his powers 
waned completely, in 1993 the centre 
organized a three-day physics 
meet ing which was at tended by 
col leagues, admirers and former 
students f rom all over the wor ld. One 
was Frank Yang , whose talk on 
mirror symmetry in 1956 had so 
much impressed the young Sa lam. 

The culminat ion of the meet ing was 
the award of an honorary degree of 
the University of St. Petersburg, 
Russia. The rector of the University 
made the trip specially. Salam 
l istened f rom his wheelchair but 
could not speak. After the formal 
ceremony, part icipants stood 
patiently in line to offer their own 
congratulat ions. There was little 
response from Salam, but all hoped 
their message was getting across. 

After famous names, it was the turn 
of younger students. One of the last 
was a nervous young man f rom 
Pakistan, a young researcher who 
had succeeded in gaining one of the 
highly-pr ized scholarships to Salam's 
centre. As he bent towards Salam 
hunched in his wheelchair , he said 
'Sir, I a m a student f rom Pakistan. 
W e are very proud of you. ' Salam's 
shoulders shook and tears ran down 
his face. 

A cold welcome 

C ryogenics is one of the big 
technological success stories of 

particle physics, and it was fitting that 
C E R N recently hosted an 
International Sympos ium on 
Cryogenics in Industry which 
attracted special ists f rom all walks of 
cryogenics life. 

For particle physics, low 
temperature equipment was first 
needed on a large scale for Luis 
Alvarez' pioneer big liquid hydrogen 
bubble chambers in the late 1950s. 
For subsequent developments, 
cryogenics has been frequently, but 
not a lways, synonymous with the 
improved per formance provided by 
superconduct iv i ty, particularly the 
high magnet ic f ields provided by 
superconduct ing magnets. For 
bubble chambers , demand for 
cryogenic plant increased with the 
advent in the late 1960s of large 
detectors equipped with 
superconduct ing magnets , where the 

Large-scale cryogenics for CERN's LEP 
electron-positron collider - liquid helium 
reservoirs from Russia. 
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P h y s i c s m o n i t o r 

A cold welcome. At the opening of the recent 
International Symposium on Cryogenics in 
Industry at CERN: Organizing Committee 
Chairman Philippe Lebrun of CERN (left) with 
Bernard Hebral, Chairman of Commission A 1/2 
of the International Institute of Refrigeration. 

12-foot chamber at A rgonne was 
subsequent ly upstaged by B E B C at 
C E R N and the 15-foot chamber at 
Fermi lab. 

A new hor izon opened wi th the 
const ruct ion of Fermi lab 's Tevat ron 
wi th its four-mi le ring of super
conduct ing magnets . 
Superconduc t ing magne ts had been 
used in beaml ines, in low-beta 
insert ions to squeeze col l id ing 
beams , and in spect rometers , whi le 
research and deve lopment work had 
led to revolut ionary new types of 
f i lamentary conductors wh ich went 
on to make a major impact on this 
techno logy. But the Teva t ron , wi th a 
thirst for 5000 litres of l iquid hel ium 
per hour, b lazed a new trail and w a s 
the first industr ia l-scale cryoplant at a 
part ic le physics laboratory. 
Subsequent ly , the 6.3 k i lometre 
H E R A proton ring at D E S Y Hamburg 
and the C E B A F recirculat ing l inac 
a r rangement at the Jef ferson 
Laboratory, Newpor t News , Virg in ia, 
swel led the ranks of big 
superconduct ing magnet r ings. 

Subsequent ly , the high magnet ic 
f ie lds required for the new generat ion 
of col l iders, such as RHIC at 
Brookhaven and the LHC at C E R N , 
can only be suppl ied by super
conduct ing magnets - convent iona l 
magne ts being l imited to f ields of 
about 2 tesla. In addi t ion, 
superconduct iv i ty g ives cons iderab le 

sav ings in power - about 6 M W is 
needed to cool the 800 GeV H E R A 
proton r ing, whi le on average severa l 
t imes this f igure is needed to dr ive 
the C E R N S P S synchrot ron at 
450 GeV. 

Whi le protons are heavy and 'st i f f 
proton b e a m s need lots of bending 
effort, e lect rons are very light and the 
beams pl iable. However electron 
beams lose a lot of energy due to 
synchro t ron radiat ion as they are 
bent, so that electron rings are 
therefore are hungry for input power. 
For protons, the superconduct ing 
spot l ight fal ls on magnets to gu ide 
the beams , whi le for e lectrons the 
superconduc t ing goal is more on 
accelerat ing power. 

Deve lopment work to harness the 
eff ic iency of superconduct iv i ty to 
dr ive rad io f requency cavit ies began 
at Stanford Universi ty (in the context 
of a l inear accelerator) where 
e lect rons were first acce lerated in a 
superconduct ing resonator in 1965. 
By the 1980s cavi t ies had been 
instal led at several e lectron 
mach ines and major p rog rammes 
were underway at Cornel l , C E R N , 
KEK (Japan) , CEBAF/Jef ferson. . . . 

To increase its energy, C E R N ' s 
27-k i lometre LEP electron-posi t ron 
col l ider is being f i t ted wi th supercon
duct ing accelerat ing cavi t ies, a 
scheme launched by the far-s ighted 
John A d a m s back in 1979, and the 

assoc ia ted cryogenic plants will be 
capi ta l ized for the LHC proton 
col l ider to be built in the LEP tunne l . 

Int roducing the cryogenics confer
ence proper, Oscar Barbalat of 
C E R N looked at the impact of 
'megasc ience ' - as def ined by the 
Organizat ion for Economic 
Coopera t ion and Deve lopment - on 
c ryogen ics and appl ied 
superconduct iv i ty . Whi le instal lat ions 
in many phys ics areas use 
cryogen ics and superconduct iv i ty on 
a large scale, Barbalat still saw the 
move f rom megasc ience to industr ial 
techno logy as a major obstac le. 

Jorg Schmid of C E R N sketched the 
use of c ryogen ics in part icle 
accelerators , both for bending and 
focus ing magne ts and for the 
rad io f requency accelerat ing cavi t ies. 

Giorg io Passard i of C E R N out l ined 
the w ide range of cryogenic opt ions 
now in use in detectors for part icle 
phys ics exper iments . As wel l as the 
advent and demise of the cryogenic 
bubble chamber , polar ized target 
requ i rements had also he lped to 
in t roduce cryogen ics to the part icle 
phys ics scene . For large detectors, 
c ryogenic requ i rements are cent red 
a round spect rometer magne ts and 
ca lor imeter techno logy. 

One of the best known major 
c ryogenic appl icat ions area for 
phys ics is in the big push to control 
thermonuc lear fus ion, where 
superconduct iv i ty is ind ispensable for 
the next generat ion of conta inment 
mach ines . Bernard Turck of the 
French Atomic Energy Commiss ion ' s 
Cadarache centre descr ibed the 
French Toresupra , the Ge rman W 7 X 
Stel larator and the ITER internat ional 
scheme, requir ing respect ively 35, 45 
and 1200 tonnes of superconductor . 

Another major outlet for 
superconduc t ing magnets is for 
magnet ic resonance imaging, main ly 
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Imperial College of Science Technology 
and Medicine, Department of Physics, 

South Kensington, London SW7 

Two post doctoral Research Associates 

Applications are invited for two PPARC-funded two year posts 
to join the UK collaboration searching for the direct signatures 
of the dark matter of the Universe, in the form of new, Weakly 
Interacting Massive Particles (WIMPS). The experiments are 
being deployed in the Boulby mine, N. Yorkshire and the posts 
are both connected with the deve lopment of l iquid Xe 
scintillation detectors to achieve higher sensitivity to dark 
matter signals. 
Post 1 is to be initially at ICSTM with visits to Boulby 
envisaged later. The post holder will assist in the building and 
commissioning of prototype Xe chambers. Knowledge of 
cryogenic and/or nuclear counting techniques is desirable. 
Post 2 is to be mainly located at the Rutherford Appleton 
Laboratory, near Oxford but in close collaboration with 
ICSTM and also involving experimental work at Boulby Mine. 
It will involve design and production of a background veto 
system and other design and analysis work related to the Xenon 
experiment. Experience in both particle counting techniques 
and computer skills are required. 
The candidates will join an established team and there are 
reasonable prospects of extension of the posts beyond the two 
years. 
Salary in the PPARC 1A range. Closing date, March 15. Posts 
available from April/May, 1997. Send CVs and the names of 
two referees or requests for further details to Dr W.G. Jones 
tel. 0171 594 7805 or Dr J.J. Quenby tel. 0171 594 7527 
Department of Physics, ICSTM, Prince Consort Rd. London 
SW7 2BZ, UK. 

Max-Planck-lnstitut fur Kernphysik 
Postfach 103980, D-69029 Heidelberg 

T h e M a x - P l a n c k - I n s t i t u t e in He ide lbe rg , offers a 

P o s t d o c t o r a l P o s i t i o n 

for t h e p ro j ec t H E R A - B in t h e g r o u p of Prof. Dr . 
W . H o f m a n n . T h e goa l of t h e H E R A - B e x p e r i m e n t 
is t h e first o b s e r v a t i o n of C P - v i o l a t i o n in decays of 
B - m e s o n s . T h e M P I H e i d e l b e r g is involved in t h e 
c o n s t r u c t i o n of t h e si l icon v e r t e x d e t e c t o r , w h i c h is 
p l aced ins ide a v a c u u m t a n k in o r d e r t o ach ieve t h e 
b e s t poss ib le r e so lu t ion for s e c o n d a r y ver t i ces . T h e 
successful c a n d i d a t e will p a r t i c i p a t e in t h e c o n s t r u c t i o n 
a n d comiss ion ing of t h e v e r t e x d e t e c t o r a n d in t h e 
ana lys i s of t h e H E R A - B d a t a . 

T h e a p p l i c a n t shou ld h a v e a un ive r s i t y deg ree w i t h a 
P h . D . in e x p e r i m e n t a l h igh ene rgy phys ics , h a r d w a r e 
expe r i ence as well a s k n o w l e d g e in on- l ine c o m p u t i n g , 
d a t a ana lys i s a n d M o n t e - C a r l o s i m u l a t i o n . 

T h e pos i t i on will be free from M a y 1st, 1997. T h e 
c o n t r a c t will in i t ia l ly b e for 2 y e a r s , w i t h poss ib le 
e x t e n s i o n t o 5 yea r s , a n d a s a l a r y a c c o r d i n g t o B A T 
H a . H a n d i c a p p e d a p p l i c a n t s will b e g iven p re fe rence t o 
o t h e r s w i t h t h e s a m e qual i f ica t ion . A p p l i c a t i o n s s h o u l d 
b e sent u n d e r Reference 0 3 / 1 9 9 7 t o Max-Planck-lnstitut 
fur Kernphysik, Personalverwaltung, Postfach 103980, 
D-69029 Heidelberg. 

P o w e r e d Crates 
Further to all our CERN approved CERN-Spec. Crates 
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Generic prototype of a scintillating-fibre 
detector for the DIRAC pionic atom experiment 
at CERN. The design uses a modular position-
sensitive photomultiplier (PSPM) housing 
structure accommodating 48 channels. As well 
as making for flexibility in the final size of the 
full detector, this also allows a rapid repair or 
exchange of defective modules or PSPMs.. 

for medical tomography, where David 
Hawkswor th of Oxford Magnet 
Techno logy pointed out that s ince the 
introduct ion of this technology in the 
early 1980s, the market has grown to 
some 12,000 installations wor ldwide. 
For the future, Rene Fluckiger of 
Geneva descr ibed the impact of new 
superconductors . 

Summar iz ing the status of particle 
physics at the meet ing, Pierre 
Darriulat of CERN drew attent ion to 
the need for low temperature 
detectors, especial ly in spaceborne 
exper iments, to make precision 
measurements . 

As well as these major scientif ic 
areas, more specif ic projects were 
covered in brief oral presentat ions 
and poster sessions, whi le the 
parallel industrial exhibit ion attracted 
considerable interest. But the real 
star of the show was CERN's own 
instal lat ions, cryogenic and 
otherwise. The delegate tours of the 
Delphi exper iment at the LEP, 
electron-posi tron coll ider, the 
superconduct ing magnet and cavity 
test area and the central cryolab 
were fully booked. 

DETECTORS 
Scintillating fibres at 
work (1) 

To help in the search for rarer 
physics events, one emerg ing 

t rend is to pull together more precise 
information on the pattern of 
produced particles early in the event 
select ion process. This requires a 
detector which assures not only good 
space and t ime resolution whi le 
act ing as such a topological tr igger, 

but also a s imple and reliable means 
of handl ing the posit ion information in 
real t ime. 

To meet this demand , a scint i l lat ing-
f ibre detector is in preparat ion for the 
' D I R A C (D lmeson Relativistic A tom 
Complex) exper iment at CERN's 
proton synchrotron based on the 
technical ach ievements of RD17 
research and development project -
fast readout of scinti l lating f ibres 
using posit ion-sensit ive 
photomult ip l iers (PSPM). The 
technique fully profits f rom the 
advantages photomult ipl ier 
technology developed over the last 
several decades. 

The unusual DIRAC exper iment 
sets out to measure pion-pion 
scatter ing by synthesiz ing a toms 
consist ing of a posit ive and a 
negat ive pion rotating round each 
other. Precision measurements of the 
l i fetime of these atoms will reveal 
new information on pion-pion 
interact ion, vital to test emerg ing 
ideas in quark-g luon field theory 
(quantum chromodynamics - QCD) . 

For the exper iment , a generic 
prototype with 96 channels, 
cor responding to a fifth of the full 
detector, has recently been produced 
and successful ly tested by a 

LAPP(Annecy ) /CERN/ IHEP/Kyoto-
Sangyo/Tr ies te /UOEH/Waseda team. 
It is based on a new series of P S P M , 
H6568 f rom Hamamatsu Photonics, 
fo l lowed by special ly des igned front-
end electronics and a peak-sensing 
circuit (PSC), which digit izes the 
track posit ion in real t ime by 
suppress ing annoying cross-talk 
between adjacent channels. 

Wi th an array of 0.5 m m diameter 
f ibres, the space resolut ion for 
individual m in imum ionizing particle 
'hits' is about 130 micron with a 
detect ion eff iciency higher than 95 %. 
Double t racks were also detected 
with a m in imum two-hit separat ion of 
about 0.4 m m . As required for the 
DIRAC exper iment , the distance 
between two tracks was successful ly 
digit ized in real t ime with a s imple 
logic circuit. The t ime jitter of s ignals 
through the electronics (PSPM + 
PSC) was less than 500 ps. A f iner or 
coarser granulari ty of detector 
e lements could be achieved by using 
f ibres of appropr iate d iameter wi thout 
any major modif icat ion of the present 
setup. 

Wi th proven photomult ipl ier 
technology, such a device could have 
a wide range of ongoing appl icat ions 
for high- luminosi ty exper iments. 

16 CERN Courier, January/February 1997 



P h y s i c s m o n i t o r 

A two-dimensional image of particle hits 
passing through a beam counter provided with 
a mask in the form of tiny pieces of scintillator 
in the shape of letters. Such fine pixel 
granularity of 0.43 x 0.43 mm2 is difficult to 
achieve using conventional photomultipliers. 

Spinning summary. Phil Ratcliffe (Como) 
wraps up the 12th International Symposium on 
High Energy Spin Physics, held in Amsterdam. 

Channel number m Layer I {1 d h 0 . 4 3 mm) 

Spin physics 
symposium 

S ummar iz ing the 12th 
International Sympos ium on 

High Energy Spin Physics, held in 
Ams te rdam f rom 1 0 - 1 4 September , 
Phil Ratcliffe (Como) said that spin 
physics has now definitely come of 
age. Th is is evident f rom the weal th 
of exper imenta l and theoret ical 
results - accurate determinat ion of 
structure funct ions, accurate 
e lec t roweak measurements and 
sophist icated calculat ions within the 
f ramework of perturbat ive Quan tum 
Chromodynamics (QCD) . 
T remendous progress was also 
reported in the polar izat ion of beams 
and targets. 

The meet ing 's 300 part ic ipants 
were we l comed by incoming 
cha i rman of the International 
Commi t tee on High Energy Spin 
Physics, Char les Prescott of SLAC, 
w h o takes over f rom Brookhaven 's 
A lan Kr isch. John Ellis of C E R N set 
the tone of the conference with a 
d iscuss ion of the spin aspects of 
v iolent scat ter ing, where a projecti le 
penetrates deep inside a target 
nuc leon. Ellis paid part icular at tent ion 
to the m o m e n t u m distr ibut ions 
(structure funct ions) of const i tuents 
with dif ferent spin polar izat ions inside 
the proton. 

In 1987, the European Muon 
Col laborat ion at C E R N found that the 
proton's spin is not all accounted for 
by the individual angular m o m e n t u m 
and individual spins of the quarks , 
and a large fract ion must be due to 
someth ing else (see page 3) . S ince 
then, measurements have shown 
that only about 2 5 % of the proton's 
spin is carr ied by quarks, and 
physic ists now bel ieve that much of 

Hiif USUAL. I • 

the remain ing spin must be due to 
the g luons which hold the proton 
together, and to angular m o m e n t u m 
of quarks and g luons. 

John Col l ins (Penn State) gave a 
broader d iscussion of most ly 
theoret ical aspects of violent 
scat ter ing within the context of Q C D . 
He emphas ized that whi le a great 
deal is now unders tood about the 
hard-scat ter ing parts ( treated wi th 
perturbat ive methods) , ways for 
unders tanding the non-per turbat ive 
(soft) parts are still urgent ly needed . 

Gerd Mal lot (CERN) and Stefano 
Forte (Torino) gave respect ively 
exper imenta l and theoret ical 
overv iews of the spin structure 
funct ion for protons and neutrons. 
Polar ized scatter ing data are 
becoming very precise and cover an 
interest ing k inemat ic range. 

One important sum rule due to 
Bjorken relates the di f ference 
be tween the proton and neutron 
structure funct ions to basic weak 
interact ion parameters obta ined f rom 
neutron (beta) decay. Wi th this 
fundamenta l relation now veri f ied to a 

Scintillating fibres at 
work (2) 

In another development for a 
position-sensitive photon detector 
using scintillating fibres, the RD7 
research and development 
collaboration at CERN has 
produced an imaging silicon pixel 
array tube, in which the phosphor 
screen of a conventional image 
intensifier is replaced by a multi-
anode chip (developed in turn by 
the RD-19 group). This technique 
sidesteps the degradation usually 
associated with using image 
intensifiers to read out 
scintillating fibres. Another team, 
RD-46, is investigating the 
potential of arrays of 20 micron 
capillaries filled with liquid 
scintillator. The biggest ongoing 
application remains the 
scintillating fibre tracker of the 
Chorus neutrino experiment at 
CERN, containing in total some 
2,600 kilometres of fibre. 
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few percent , it is cus tomary to 
impose the relation and extract other 
quant i t ies, such as a va lue for the 
s t rong coupl ing constant that is 
remarkably compet i t ive wi th other 
measurements . 

Studies of the behav iour of the 
st ructure funct ions at smal l 
m o m e n t u m fract ion (x) will help to 
d isentangle subt le effects. T w o years 
ago , at the 11th sympos ium in 
B loomington , the genera l v iew w a s 
that quarks contr ibute about one third 
of the proton spin, whi le now the first 
indirect ev idence for g luon 
contr ibut ions is becoming evident . 
Severa l other talks d iscussed 
exper iments to direct ly measure this 
effect, including for thcoming studies 
at Brookhaven and at C E R N 
( C O M P A S S exper iment ) . 

The large g luon contr ibut ion to the 
proton spin must be accompan ied by 
orbital angular m o m e n t u m of quarks 
and g luons. X iangdong Ji (MIT/ 
Mary land) gave an enthusiast ic and 
clear account of how to handle quark 
orbital angular m o m e n t u m . 

Another subject of great interest 
w a s s ingle-spin asymmet r ies , notably 
those in hadron product ion in pro ton-
proton col l is ions. Ken Heller 
(Minnesota) rev iewed the product ion 
of hyperons, in wh ich the 
asymmet r ies display many regular 
features in their k inemat ic 
dependence , but wi th s o m e puzzl ing 
except ions. A related quant i ty is the 
s izable left-right asymmet ry in p ions 
p roduced in polar ized proton-proton 
scat ter ing. 

The use of weak interact ions in the 
search for physics beyond the 
S tandard Model was d iscussed by 
Mike Musolf (Seatt le). The weak 
interact ions, in part icular the dif ferent 
coup l ings to lef t -handed and right-
handed quarks, and the di f ference 
be tween the coupl ing to quarks and 

that of the photon, can also be used 
to invest igate the spin of the nuc leon. 

Betsy Beise (Mary land) indicated 
how exper iments at modera te 
energ ies (e.g. , S A M P L E at MIT/ 
Bates) prov ide the first indicat ions for 
a smal l and posit ive s t range quark 
contr ibut ion to the magnet ic momen t 
of the nuc leon. Theoret ical ly the 
est imates for this contr ibut ion, though 
wide ly vary ing , are general ly 
negat ive. 

D e s m o n d Barber (DESY) descr ibed 
progress wi th polar ized beams, 
where in the future 8 0 % polar ized 
posi t ron beams may be possib le at 
HERA. An example demonst ra t ing 
the day- to-day impor tance of spin is 
the use of polar ized beams at LEP, 
provid ing precis ion energy 
cal ibrat ion. 

Yousef Makdis i (Brookhaven) and 
Hideto En 'yo (Kyoto) descr ibed 
deve lopments at Brookhaven 's RHIC 
heavy ion col l ider (March 1996, page 
19), indicat ing the possibi l i t ies of 
measur ing such quant i t ies as the 
g luon polar izat ion in the proton and 
the separat ion of the var ious dif ferent 
quark contr ibut ions, st ressing the 
complementar i t y to exper iments 
using e lect ron beams at C E R N , 
S L A C (Stanford) , H E R A (DESY, 
Hamburg) and C E B A F (Newpor t 
News , Virg in ia) . 

Resul ts of the SLD exper iment at 
Stanford 's S L C linear col l ider were 

Chairman of the spin symposium organizing 
committee Kees de Jager (right) with new 
chairman of the International Committee on 
High Energy Spin Physics Charles Prescott of 
SLAC (centre) and outgoing president Alan 
Krisch of Brookhaven. 

presented by Richard Prepost (Wis
cons in) , w h o emphas i sed the polar i 
zat ion role of the mach ine . Measure 
ments of lepton asymmet r ies 
contr ibute decis ively to an increased 
precis ion in the determinat ion of the 
vital e lec t roweak mix ing parameter . 
Prepost a lso d iscussed the impor
tance of Cherenkov Ring Imaging 
Detectors in heavy quark measure 
ments . 

S teve V igdor ( Indiana) summar i zed 
possib le tests of symmet ry pr inciples 
in med ium-energy hadron physics, 
including violat ion of t ime reversal 
symmet ry in an exper iment under 
cons iderat ion at C O S Y in Jul ich, or 
charge symmet ry breaking effects in 
nuclear forces. Jo van den Brand 
(Amsterdam) d iscussed how 
ded icated exper iments can address 
quest ions such as the role of 
relativistic correct ions and th ree-body 
forces in the quan tum mechan ica l 
descr ipt ion of light nuclei . 

The meet ing d rew 300 part ic ipants, 
wi th 15 p lenary presentat ions and 5 
rapporteur ta lks of workshops 
sponsored by the Internat ional 
Commi t tee on High Energy Spin 
Physics. In addi t ion, there were 
about 150 contr ibut ions to the 
af ternoon paral lel sess ions, cover ing 
aspects of both nuclear and part icle 
phys ics. Round- tab le d iscuss ions, 
we re organ ized by Yuri Ares tov 
(Moscow) on R A M P E X , a new spin 
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Display of a candidate diffractively produced 
W-boson in the CDF experiment at Fermilab's 
Tevatron proton-antiproton collider. Such Ws 
are produced by quark-antiquark annihilation 
and subsequently produce an electron and an 
undetectable neutrino. In this case, the 
antiquark comes from a pomeron rather than 
the antiproton. 

The calorimeter measures energy in cells of 
azimuth angle and pseudorapidity (a measure 
of the polar angle). Hit cells are plotted as 

"towers" whose height is proportional to the 
transverse energy deposited. This event shows 
one tower with electromagnetic energy deposit 
of 42 GeV with no detected balancing particles, 
a clear sign of a W-boson (the accompanying 
neutrino cannot be detected). Three units of 
pseudorapidity, from -1.2 to -4.2, are seen to 
be empty, and other detectors (not shown) 
extend this "rapidity gap" to -5.9. A quasi-
elastically scattered 'spectator' antiproton was 
detected at a pseudorapidity of -7 units. 

exper iment with 70 GeV protons at 
the Russian IHEP centre at 
Serpukhov, near Moscow, and 
another by Vernon Hughes (Yale) on 
the gluon spin distr ibut ion. 

The next sympos ium in the ser ies 
will be held in Protvino (Russia) in 
September 1998. 

From Piet Mulders 

Gaps in understanding 

Despite the unlikely title of Smal l -
x and Diffractive Physics, a four-

day workshop sponsored by Argonne 
Nat ional Laboratory and Fermi lab 
recently held at Argonne focused 
attent ion on the understanding of the 
st rong inter-quark force, and in 
part icular its vacuum structure. 

The elegant theory of the inter-
quark force, cal led Quan tum 
Chromodynamics or Q C D , is in many 
ways similar to e lec t romagnet ism, 
but with essential d i f ferences which 
ensure that quarks remain 
permanent ly bound inside their 
parent nucleons and do not emerge 
as free part icles. The messengers of 
the inter-quark force are g luons, 
wh ich carry 'colour', ana logous but 
very different to the famil iar electr ic 
charge of e lec t romagnet ism. In 
part icular the visible part ic les, such 
as protons or neutrons, have no net 
colour - are 'colourless' - and this 
s imple requirement underl ies the 
observed gamut of different part icle 
states. 

Hundreds of tests of Q C D have 
been made and it has never yet been 
found want ing, so we have come to 
bel ieve that it is T H E theory of st rong 
interact ions. However we only know 
how to make reasonably accurate 

Q C D calculat ions in certain special 
c i rcumstances, typically when 
masses or the momen tum 
exchanged in a reaction are large. 

In practical ly all the interact ions that 
occur at Fermi lab's Tevatron proton-
ant iproton coll ider this is not the 
case, and we are unable to calculate 
with Q C D the probabil i t ies for 
c o m m o n react ions, such as elastic 
scatter ing where the proton and 
ant iproton simply emerge def lected. 
In this s implest case some 
momen tum is t ransferred f rom one 
beam particle to the other, and 
whatever carr ied the momen tum 
must have been colour less (or the 
protons could not have remained so) . 

The most likely suspect, proposed 
in 1975, is a colour less two-g luon 
compos i te . Before the gluon era, this 
is what had been tradit ionally cal led 
the "pomeron" , after the Russian 
physicist Isaak Jakoblevich 
Pomeranchuk. However in Q C D it 
does not make sense to say that the 
pomeron is exactly two g luons, 
because the gluons will be 
exchanging more gluons between 
themse lves as well as virtual quark-
ant iquark pairs. Such effects are 
incorporated in a modern vers ion of 

the two-g luon pomeron cal led the 
BFKL pomeron after the initials of its 
four main or iginators (Bal i tsky/Fadin/ 
Kuraev/L ipatov) . 

The pomeron is rather special in 
that is has the same quantum 
numbers as the vacuum (apart f rom 
its spin wh ich is a complex issue). 
Wha t is the relation between the 
pomeron and the vacuum? Both 
might be cons idered as nothing - the 
ult imate in simplicity, but f rom 
another point of v iew the ult imate in 
cont inuously var iable quan tum 
complexi ty , seeth ing with f luctuat ions 
as part icle-antipart icle pairs of all 
types (electrons, quarks, g luons, etc.) 
are created and annihi lated. These 
transient part icles are hard to detect, 
but their effects do show up in some 
exper iments . A vacuum is definitely 
not "nothing". 

Mov ing f rom the complex i ty of 
nothing to that of a physical part icle, 
its const i tuent quarks and g luons 
themse lves hardly have any wel l 
def ined identity. They are cont inual ly 
chang ing colour, emitt ing and 
absorb ing g luons; g luons can meta
morphose into a quark-ant iquark pair, 
ant iquarks can annihi late with quarks 
to make gluons, etc. 
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The " inside" of protons and all other 
strongly interacting part icles is 
cont inual ly boil ing with activity, like 
the surrounding vacuum. Another 
degree of complexi ty is exempl i f ied 
by the max im "the harder you look, 
the more you see". This means that 
as the proton is probed with photons 
of ever decreasing wave length , an 
initial fuzzy blob gradual ly resolves 
into three quarks, wh ich then 
dissolve into more and more quarks, 
ant iquarks and gluons. 

If the proton is moving with a 
momen tum p, these "const i tuents" 
each have momenta xp, so that the 
sum of all the momen tum fract ions x 
equals 1. For smal l probe 
wave lengths , with high resolving 
power, we see a rapidly increasing 
densi ty of g luons as x gets very 
smal l , less than 0 .0001 . Such an 
increase cannot cont inue indefinitely. 
Presumably this low-x gluon c loud 
will ul t imately become so dense that 
pairs of g luons will start recombin ing, 
as if a branching tree were to 
develop a surrounding net where the 
densely packed twigs fuse together. 

The higher gluon density at low x is 
int imately related to the pomeron and 
in turn to the rise of part icle 
interaction probabil i t ies with energy. 

The exper imental study of the 
pomeron took an important upturn in 
the last three years wi th exper iments 
at the Tevatron and at DESY's HERA 
electron-proton coll ider. At the 
Tevatron 's C D F and DO exper iments , 
the main progress has been through 
studies of two closely col l imated 
sprays or ' jets' carrying high 
t ransverse energy, known to result 
f rom hard quark or gluon scat ter ing, 
accompan ied by what are call 
'rapidity gaps' . 

Rapidity gaps are large angular 
regions where no part icles are 
produced, and are known to result 

f rom pomeron exchange, which cuts 
an otherwise uniformly populated 
angular region into distinct zones. 
The rapidity gap can be between the 
two jets, in which case the pomeron 
carr ies a very large momen tum 
transfer, or to one side. In the latter 
case it seems that the scatter ing 
quark or g luon comes f rom the 
pomeron, and by measur ing the jets 
one can probe the const i tuent 
structure of the pomeron. 

The first data on jets produced in 
pomeron interactions came f rom 
Exper iment UA8 at the C E R N proton-
ant iproton coll ider (March 1992, page 
4). C D F also has ev idence for W-
bosons produced in this way, where 
one beam particle scatters a lmost 
elastical ly and the accompany ing 
pomeron interacts with the other 
particle to make a high mass state. 
Compar ing W and jet product ion 
reveals the fraction of g luons and 
quarks in the pomeron. 

Exper iments UA1 and UA8 at the 
C E R N Coll ider and now C D F and 
DO at the Tevatron have ev idence for 
jet product ion with two forward 
rapidity gaps, interpreted as 
pomerons col l iding, with the pomeron 
const i tuents supply ing the jets. 

The exper iments at HERA, Z E U S 
and H t , are complementary , col l iding 
electrons and protons. The electrons 
radiate photons which probe the 
proton with wavelengths much 
smal ler than the proton size. Some 
1 0 % of their events have the proton 
emerg ing almost elastically, and 
these can be interpreted as the 
proton emit t ing a pomeron; this 
pomeron is then probed by the 
electrons' photons. 

Being an electromagnet ic quan tum, 
the photon probes directly the 
charged const i tuents of the pomeron , 
and is bl ind to the strongly- interact ing 
gluons which have no electric 

charge. However by measur ing the 
pomeron quarks and observ ing how 
their distr ibut ions change with photon 
wave length one can infer the 
pomeron 's distr ibution of g luons. 

A remarkable, and still perhaps 
controvers ia l , result f rom H1 was 
their conclus ion that at " long" 
wave lengths (Q 2 = 5 G e V 2 for 
experts) the pomeron seems to be 
most ly a single g luon! As the 
wave length decreases this "evolves" 
by emit t ing other g luons and quarks 
into more const i tuents with a more 
democrat ic distr ibution of momenta . 

Whi le in certain c i rcumstances the 
pomeron seems to behave 
dynamical ly like a single g luon, we 
know that cannot be the whole story 
because the gluon carr ies colour and 
the pomeron has to be colour less. 
W e are led to suppose that the gluon 
colour is compensated by someth ing 
"soft", e.g. that the pomeron, at short 
wave lengths , is one g luon carry ing 
most of the pomeron 's momen tum 
and another one or two gluons 
carry ing very little. As the wave length 
decreases (better resolving power) 
the pomeron becomes a more 
democrat ic mixture of g luons and 
quarks, shar ing the momen tum more 
equal ly. 

This seems to fit the observat ions, 
a l though a lot more data are needed 
to be sure. This picture of the 
pomeron raises some very 
interest ing theoret ical issues which 
may have profound consequences 
for our understanding of the strong 
force. Much more work, theoret ical 
as wel l as exper imenta l , is needed 
before we know whether these ideas 
are correct. One conclus ion was 
however clear: this f ield is now very 
act ive, with excit ing new data f rom 
the Tevat ron and HERA and much 
theoret ical progress. W e do not yet 
have a coherent picture of the 
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pomeron which descr ibes all the data 
and makes testable predict ions, but a 
better understanding of this vital 
aspect of 'nothing' remains a major 
goal . 

From Michael Albrow and Alan White 

Desperately seeking 
unseen SUSY 

For twenty years, SUSY - or 
supersymmetry - has been the 

heart throb of theoret ical physicists. 
The widespread convict ion that 
S U S Y will solve many of their 
prob lems has spil led over into the 
exper imental sector, but despi te 
hunt ing high and low, no sign of 
S U S Y has been seen. 

Strictly speaking, SUSY is no 
Standard Model . Today 's Standard 
Model takes the e lectroweak picture, 
unifying e lect romagnet ism and the 
weak nuclear force, in tandem with 
the field theory of quarks and g luons 
(quantum chromodynamics - QCD) . 

This shotgun wedd ing between the 
e lect roweak picture and Q C D has 
never been comfortable, but a better 
match requires a considerable dowry 
in the form of a unif ication scale of 
some 1 0 1 5 GeV, very different to the 
100 GeV or so of the e lect roweak 
picture, itself a major step f rom the 
zero mass photon. 

What is behind this immense 
stagger ing of mass scales f rom one 
unif ication to the next? The hope is 
that SUSY can bridge these mass 
chasms and make the success ive 
unif ication pictures more assimi lable. 
But the price is a doubl ing of the 
number of part icles. 

The chessmen of particle physics 
come in two kinds, the quarks and 
leptons. 'Messenger part icles' -

photons, Ws , Zs and gluons - move 
the chessmen around on the board. 
Quarks and leptons are ' fermions' , 
obey ing the Pauli Exclusion Principle, 
so that not more than one particle 
can occupy any one square on the 
quantum chessboard. On the other 
hand the messenger part icles are 
'bosons ' and have no such quantum 
accommodat ion restrictions. 

SUSY demands that for every 
known part icle, there is a 
supersymmetr ic partner - each 
fermion has a boson 'spartner', and 
vice versa. Quarks pair with 
'squarks ' , and leptons with 's leptons' , 
whi le the Standard Model bosons 
pair with 'charginos' and 'neutral inos' . 
SUSY 's appeal is so compel l ing that 
some enthusiasts have repackaged 
the Standard Model accordingly. 

The lightest (and most stable) of 
these addit ional SUSY particles also 
provide a potential source of 'dark 
matter ' - the invisible material wh ich 
we nevertheless know must be there 
to account for the observed mot ion of 
galaxies. Is this intangible dark 
matter the same as the unseen 
SUSY? 

With the spectrum of unification 
mass scales so large, SUSY particles 
can sit anywhere in a mass ladder 
extending anywhere from some 50 to 
1000 GeV (the heaviest known 
particle, the top quark, has a mass of 
some 175 GeV). These masses 
extend beyond the scale currently 
accessible to laboratory experiments. 
However experiments at CERN's LEP 
electron-positron collider and 
Fermilab's Tevatron proton-antiproton 
collider have explored the lower 
energy fringe of the available SUSY 
territory. At LEP, one SUSY sector 
has been ruled out below 80 GeV, 
while at the Tevatron another sector is 
excluded below about 200 GeV. 

A special meet ing at C E R N on 30 

October examined the SUSY discov
ery potential of the exper iments at 
CERN's new LHC proton-proton 
coll ider. The conclusion was that 
LHC could f ind SUSY up to some 
400 GeV for s leptons, some 2000 
GeV for squarks and gluinos, and 
probe the l ightest supersymmetr ic 
part icles up to some 350 GeV, 
cover ing almost the full a l lowed 
range. Despite the cluttered condi 
t ions of 14 TeV proton-proton col l i 
s ions, the expected SUSY signals 
should be visible. The exper imen
talists are conv inced that if SUSY is 
not just a d ream, then the LHC will 
reveal al l . 

FERMILAB 
First antihydrogen 

Exper imenters at Fermi lab have 
produced and detected a toms of 

ant ihydrogen using a gas-jet target in 
the Ant iproton Accumulator . This 
conf i rms results announced last year 
(March 1996, page 1) at C E R N . 
Both the C E R N and Fermi lab 
ant ihydrogen exper iments used an 
idea proposed by Char les Munger, 
Ivan Schmidt , and Stanley Brodsky in 
1992. A fast -moving ant iproton 
passing an atomic nucleus can 
create an electron-posi tron pair; in 
rare instances, the positron will st ick 
to the moving ant iproton to make an 
atom of ant ihydrogen. Fermi lab's 
higher- intensity and higher-energy 
ant iproton source open up higher 
ant ihydrogen yields. 

A key to the success of these 
exper iments is the gas-jet target, 
using a design developed by Mario 
Macri and Mauro Marinell i at Genoa 
University and INFN. 
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Matter symmetry The CPLEAR experiment at CERN's Low 
Energy Antiproton Ring, LEAR, has just 
completed its final run. 

The delicate violation of VP 
symmetry' - changing particles to 
antiparticles and reflection in 
three-dimensional space -
appears to play a fundamental 
role in the order of things. Thirty 
years after its discovery, it is still 
not understood. 

Looking-glass particles 

I n any recipe for part icle 
interact ions, take a part ic le, replace 

it wi th its ant ipart ic le, look at it in the 
mirror, and reverse its d i rect ion in 
t ime. The result, accord ing to the 
f amous C P T symmet ry t heo rem, 
shou ld be indist inguishable f rom the 
or ig inal . Th is apparent ly abstract 
idea has profound phi losophical and 
down- to-ear th impl icat ions wh ich the 
C P L E A R exper iment at C E R N ' s Low 
Energy Ant iproton Ring, LEAR, has 
been probing for a decade . After 
using an impressive 10 1 3 an t i p ro tons , 
the exper iment has just comp le ted its 
f inal run. 

C, P, and T 

C, P, and T are vital test 
symmet r ies of part icle interact ions. 
C, charge con jugat ion, represents 
replacing a part icle by its ant imat ter 
counterpar t . P, parity, co r responds 
to looking in a mirror wh ich reverses 
not just one but all three spat ial co
ord inates, and T is t ime reversal . If a 
symmet ry does not effect the 
ou tcome of an interact ion, then that 
interact ion is said to conserve the 
symmet ry . 

Each of C, P, and T was once 
thought to be conserved in all 
interact ions. W e now know this is 
not the case . In fact non-
conservat ion of the CP combinat ion 
could help to explain why there are 
three fami l ies of part ic les, and w h y 
there is any matter in the Universe to 
make stars, p lanets, and human 
beings. O n a more esoter ic level , 
despi te the observed CP v io lat ion, 
current theory demands that the C P T 
combinat ion be conserved . Any hint 
of C P T vio lat ion wou ld send part icle 
theor ists back to the drawing board . 
C P T conservat ion impl ies that T must 
be v io lated to cancel out CP 
v io lat ion. In other words , an 
ant ipart ic le is indist inguishable f rom a 
part icle mov ing backwards in t ime. 

In the e lect romagnet ic and s t rong 
interact ions, each of C, P, and T 
appears to be conserved, and this 
w a s once bel ieved to be true for the 
w e a k interact ion as wel l . However , 
the wor ld of physics was start led in 
1956 w h e n T. D. Lee and C. N. Y a n g 
conc luded f rom a survey of avai lable 
data that P might not be conserved in 
w e a k interact ions. They based their 
conc lus ion largely on the fact that 
part ic les cal led kaons had been 
observed to decay into two dif ferent 
f inal s tates wh ich have opposi te 
pari t ies. 

Nor does the weak interact ion 
conserve C. The weak ly interact ing 
neutr ino sp ins lef t-handedly, and the 
operat ion of charge conjugat ion 
wou ld produce a lef t -handed 
ant ineutr ino, a part icle wh ich does 
not exist in nature 's kit of parts. The 
combinat ion of C and P, however , 
p roduces a r ight-handed ant ineutr ino, 
wh ich does exist. Physicists hoped 
that the C P combinat ion wou ld be 
conserved in weak interact ions, but 
in 1964, J a m e s Cronin and Val Fitch 
demons t ra ted at Brookhaven that C P 

is v io la ted in neutral kaon decays at 
the level of a f ract ion of a percent . 

In 1973, after Nicola Cab ibbo had 
descr ibed how to look at weak 
decays of the kaon, Makoto 
Kobayash i and Tosh ih ide M a s k a w a 
showed how CP violat ion could be 
a c c o m m o d a t e d in the Standard 
Mode l by increasing the number of 
part icle fami l ies f rom the two known 
ones to three or more. Th is idea 
began to look very attract ive with the 
d iscovery of the bot tom quark, 
l ightest m e m b e r of a third quark 
fami ly, by Leon Lederman 's group at 
Fermi lab near Ch icago in 1977. Ever 
s ince, the quest has been on to 
measure CP violat ion in the kaon 
sys tem precisely. 

Brief history of universe 

The reason for all the exc i tement 
about CP violat ion goes back to the 
Big Bang itself. Matter and 
ant imat ter are bel ieved to have been 
created in equal amoun ts , but today 
there appears to be only matter. 
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Science fiction is fond of ant i -wor lds, 
whose inhabitants seem identical to 
the inhabitants of ordinary matter 
wor lds. There is a perfect symmet ry 
between the two, and when ant i -man 
meets ordinary man , the two 
annihi late leaving behind nothing but 
energy, largely in the form of 
photons. If this scenar io were really 
true, then all the matter and 
ant imatter created at the Big Bang 
should have d isappeared in this way, 
leaving behind a Universe full of 
photons. Clearly this is not the case, 
but it is very nearly t rue. There are 
about a billion photons in the 
Universe for every proton, or put 
another way, nature's interact ions 
have curiously a l lowed one proton to 
survive for every bill ion to have 
annihi lated with ant iprotons. 

In 1966, the Russian physicist 
Andrei Sacharov def ined three 
condi t ions necessary for this 
imbalance to arise. The first says 
that protons can not be absolutely 
stable, they must decay with a 
l i fetime which he est imated to be 
about 1 0 5 5 years. This means that 
for all the protons in the Earth, fewer 
than a bread crumb's worth should 
have decayed so far. The second 
requires the Universe to have passed 
through a period of thermal 
disequi l ibr ium, and the third br ings us 
to CP violat ion. It states that there 

must be some fundamenta l differ
ence in the way nature treats matter 
and antimatter. 

Sacharov 's third condit ion requires 
the CP combinat ion to be inexact, as 
demonst ra ted by Cronin and Fitch. 
This is because if CP symmetry were 
exact, then the matter-to-ant imatter 
asymmet ry would precisely cancel 
the ant imatter- to-matter asymmetry . 

The neutral kaon system 

Apart f rom the matter-ant imatter 
imbalance of the Universe, neutral 
kaons provide the only ev idence yet 
seen for CP violat ion. The electric 
dipole moment of the neutron is also 
bel ieved to depend slightly on CP 
violat ion, but exper iments are not yet 
sensit ive enough to measure this 
effect. 

Neutral kaons and ant ikaons are 
strange part icles, not s imply because 
they contain a strange quark or 
ant iquark, but because each is made 
up of a quantum superposi t ion of two 
states. One of these can decay into 
a pair of pions with no violat ion of 
CP. The other, however, cannot, 
s ince the two pion system is in a 
different condit ion with respect to CP 
than the initial kaon. This state 
therefore has to f ind more 
compl icated CP-conserv ing ways to 

Measurements of the mass difference between 
long lived and short lived kaons and the CP-
violating phase angle are dominated by 
CPLEAR results (dark area), and agree 
precisely with the theoretical prediction. 

decay, such as into a three pion 
sys tem which is in the same CP-
condit ion as the initial kaon. 
Consequent ly , this state lives longer 
and is known as K-long, K L , the other 
being cal led K-short, K s . The Cronin 
and Fitch exper iment demonst ra ted 
that about one in 500 K L decays 
produces just two pions, violat ing CP. 

In the 1980s, C E R N exper iment 
N A 3 1 , and Fermilab's E731 and later 
E773 measured the relative decay 
rates of K L and K s into neutral and 
charged pion pairs. This 
measurement is extremely sensit ive 
to CP, and since CP violat ion is a 
subt le effect, it is also extremely 
smal l and difficult to measure. 
However , an accurate measurement 
wou ld show if the Cabibbo -
Kobayashi - Maskawa mechan ism 
provides for enough CP violat ion in 
the Standard Model to account for 
the observed matter ant imatter 
imbalance, or if some other effect is 
at work. So the stakes are high. 

NA31 and the two Fermilab 
exper iments slowly converged on 
compat ib le results, but the results 
remained inconclusive. New 
exper iments , NA48 at C E R N 
(October 1995, page 16) and KTeV 
at Fermi lab (November /December 
1996, page 5) , are now taking data 
which will repeat the measurements 
of their predecessors with ten t imes 
greater precis ion. 

CPLEAR, in the meant ime, has had 
other priorit ies. The exper iment has 
concentra ted more on CPT than CP, 
and has measured CPT and T 
symmetr ies individually as well as 
looking at CP violat ion. 

The CPLEAR experiment 

CPLEAR 's neutral kaons and 
ant ikaons are produced when 
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ant iprotons f rom LEAR annih i late 
wi th protons in a hydrogen target. 
Four t imes out of a thousand , these 
annih i lat ions produce a neutral kaon 
or ant ikaon a long wi th a charged 
kaon and a pion. The charged kaon 
is detec ted and identi f ies wha t sort of 
neutral part icle is p roduced . 
Negat ive kaons are p roduced a long 
wi th neutral kaons, posi t ive ones wi th 
neutral ant ikaons. It is this abil i ty of 
C P L E A R to identify the initial part ic le 
wh ich is the exper iment 's s t rong 
point. 

For the measuremen t of C P 
v io lat ion, once the initial neutral 
part ic le has been ident i f ied, C P L E A R 
measures the t ime dependence of its 
decay rate to two charged p ions. 
Neutra l kaons and ant ikaons are 
made up of dif ferent amoun ts of K L 

and K s , so the t ime evolut ion of their 
decay curves is dif ferent and there is 
an inter ference effect be tween the 
two . Th is a l lows an accurate 
measu remen t to be made of the 
phenomenon s ince wi thout C P 
violat ion there wou ld be no 
inter ference. 

C P L E A R ' s measuremen t is in good 
ag reement with theory, but p leas ing 
as this is, it does not in itself rule out 
s igni f icant C P T v io lat ion. Th is is 
because the measurement cou ld 
mask a number of di f ferent C P T 
vio lat ing effects wh ich cance l each 
other out. In order to make an 
unamb iguous measurement , C P T 
must be measured direct ly, and this 
is where C P L E A R is un ique. The 
electron and posi tron produc ing 
decays of neutral kaons are sensi t ive 
to T v io lat ion, and C P L E A R 
measures a T-violat ing parameter 
wh ich is of the right magn i tude to 
compensa te the measured C P 
vio lat ion exact ly, leaving C P T 
symmet ry intact. Simi lar ly, there are 
also C P T sensi t ive decays of neutral 

kaons and ant ikaons f rom wh ich 
C P L E A R has measured a C P T 
violat ing parameter which is a lso 
consis tent wi th no C P T vio lat ion. 

So what? 

But what of the phi losophical and 
down- to-ear th impl icat ions ment ioned 
earl ier? The Standard Model can 
accommoda te CP vio lat ion, but it 
doesn ' t expla in it, nor does it say how 
much of it there should be. All the 
Standard Model says is that CP 
violat ion is possib le as long as there 
are at least three fami l ies of matter 
part ic les. Measurements at C E R N ' s 
Large Electron Positron col l ider, LEP, 
and the Stanford Linear Col l ider, 
SLC, in Cal i fornia indicate that there 
are precisely three fami l ies, just the 
number requi red, no more, no less. 
Fur thermore, for the t ime being at 
least, theoret ic ians can s leep 
peacefu l ly at night, s ince C P T does 
appear to be conserved. And as for 
the down- to-ear th , wi thout CP-
vio lat ion, w e s imply wouldn ' t be here, 
and you don' t get much more d o w n -
to-earth than that. 

By James Gillies 

DESY Theory 
Workshop 

D iscrete symmet r ies - the 
behav iour of part icle interact ions 

under dist inct ' ref lect ion' operat ions -
cou ld play an important role in a 
deeper unders tand ing of the nature 
at both very smal l and large 
d is tances and prov ided the focus for 
the recent Theory Workshop at the 
D E S Y Laboratory in Hamburg . 

Specia l at tent ion was paid to the 
violat ion of C P symmet ry (see 
prev ious art ic le). In the Standard 
Mode l of part ic le physics, CP 
vio lat ion is at t r ibuted to a relative 
phase in the three-d imens iona l 
(Cab ibbo-Kobayash i -Maskawa -

Quark mechanisms contributing to violation of 
CP symmetry: top, the 'box' diagram gives 
'indirect' CP violation, while below, a so-called 
'penguin' diagram gives 'direct' CP violation. 
Because the sixth ('top' -1) quark is so heavy, 
its contribution dominates. 
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Incongruous penguins. As birds, they are 
confined to the Southern Hemisphere. In 
physics, penguin mechanisms make for CP 
violation. 
Andrzej Buras (left), Chairman of the recent 
DESY Theory Workshop and John Ellis of 
CERN, with a penguin of the physics kind. 

CKM) matr ix which parametr izes 
quark transi t ions under the weak 
nuclear force (mediated by heavy 
charged W bosons) . 

The original effect seen in the 
decays of long-l ived neutral kaons 
into two pions in 1964 is at t r ibuted to 
Ind i rect ' CP violat ion through the 
mix ing of the neutral kaon and its 
ant ipart ic le and descr ibed by a box 
d iagram (see top f igure). Th is type of 
v iolat ion is usual ly character ized by a 
smal l parameter s, measured to be 
roughly 2.3 x 1 0 3 . 

However the Standard Model also 
a l lows 'direct' CP violat ion, 
character ized by a parameter e', 
governed by the so-cal led "pengu in" 
d iagrams with internal exchanges of 
the sixth ' top' quark (see lower f igure 
on page 24) . 

Because of the contr ibut ions of the 
top quark to the mechan isms, both 
these CP violat ion parameters are 
sensi t ive to that quark 's mass . As 
summar i zed by A h m e d AN (DESY) 
the most recent measurements of the 
C D F and DO col laborat ions at 
Fermi lab give a rather precise va lue 
of the top quark mass (175 ± 6 GeV) 
a l lowing improved predict ions for CP 
vio lat ion. 

The theoret ical status of 8 and of 
the ratio e / e ' was summar ized by 
Gerhard Buchal la (Fermi lab) . Ref ined 
g luon correct ions and the more 
accurate top quark mass have both 
cons iderably improved the evaluat ion 

of CP violat ion parameters. Whi le the 
indirect CP violat ion in the Standard 
Model is consistent with exper imenta l 
data, s t rong cancel lat ion effects 
be tween var ious penguin d iagrams 
for the top quark mass of order 175 
G e V and large hadronic uncertaint ies 
preclude a precise predict ion for the 
8 ratio at present. 

The exper imenta l situation on this 
ratio is still uncertain, with minimal 
over lap between the results of the 
NA31 col laborat ion at C E R N and 
E731 at Fermi lab. Most theoret ical 
est imates favour the lower Fermi lab 
va lue, a l though due to hadronic 
uncertaint ies the C E R N result cannot 
be exc luded by the Standard Model . 
Wi th in several years the 
exper imenta l situation should be 
clari f ied through improved 
measurements at C E R N and 
Fermi lab and by the KLOE 
exper iment at DAFNE in Frascat i . 

It is important to study other CP 
violat ing decays which are 
theoret ical ly cleaner. As st ressed by 
Buchal la, a "gold plated" decay in this 
respect is that of the long-l ived kaon 
into a neutral p ion, neutr ino and 
ant ineutr ino, proceeding a lmost 
exclusively through direct CP 
violat ion. The predicted branching 
ratio (3 x 10 1 1 ) and the presence of 
neutr inos and the neutral pion make 
the measurement of this decay 
formidable. Yet a newly approved 
exper iment at Brookhaven should be 

able to measure it in the first years of 
the next mi l lennium. 

Similar ly the very rare decay of the 
long-l ived neutral kaon into a neutral 
p ion and an electron-posi t ron pair 
searched for at Fermi lab (November 
1996, page 5) should give important 
insight into direct CP violat ion. 

Whi le the CP violat ion has been 
observed so far only in kaon decays, 
where the effects are rather smal l , 
much larger effects are predicted for 
B mesons (containing the beauty 
quark) . As s t ressed by Robert 
Fleischer (Karlsruhe) there are 
several decays where measurements 
should fix CP-vio lat ing phases 
wi thout any hadronic uncertaint ies. 

The large var iety of CP-vio lat ing 
asymmet r ies in B-decays should 
al low for decis ive tests of the 
Standard Model and possibly s ignal 
some new physics beyond it. 

Thus CP violat ion in B-decays is the 
main goal of B-factories at SLAC 
(Stanford) and KEK (Japan) and of 
the dedicated HERA-B exper iment at 
DESY in Hamburg which will all 
begin operat ion in a few years. 
Useful CP-vio lat ion studies in B-
decays should also come f rom C E S R 
at Cornel l and f rom Fermi lab's 
Tevat ron . High precision 
measurements of CP-asymmet r ies in 
B-decays are expected f rom a 
dedicated exper iment at CERN 's 
LHC. A review was presented by 
Wal ter Schmidt-Parzefa l l (Hamburg) . 

Accord ing to the Standard Model , 
CP violat ion outs ide the K-meson 
and B-meson sys tems is expected to 
be essent ial ly unobservable . On the 
other hand, as rev iewed by Werner 
Bernreuther (Aachen) , new sources 
of CP-v io lat ion, present in mult i -
Higgs mode ls or models with 
supersymmet ry could give rise to 
measurab le effects. 

Extensions of the Standard Model 
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predict new CP-vio lat ing interact ions 
for quarks and for leptons. A t tempts 
to t race such interact ions include a 
fo r thcoming high stat ist ics hyperon 
exper iment at Fermi lab, the "classic" 
low-energy searches for the neut ron 
electr ic d ipole momen t and of certa in 
a toms , and recent h igh-energy 
searches at C E R N ' s LEP e lect ron-
posi t ron col l ider of tau-pair 
product ion and in three-jet events 
f rom b quarks. Top quarks may also 
be used to probe CP violat ion once 
they are produced in large numbers 
at the Tevat ron and the LHC. 

Gian Giudice of C E R N rev iewed CP 
violat ion in supersymmet r ic theor ies, 
whe re present bounds on CP 
vio lat ion a l ready give ex t remely 
impor tant l imits for the masses of 
supersymmet r i c part ic les. Search ing 
for C P violat ion is thus 
comp lemen ta ry to high energy 
s tud ies. 

C P T invar iance, the combina t ion of 
C P symmet ry wi th t ime reversal 
symmet ry is the bedrock theo rem of 
quan tum field theory, enforc ing, for 
instance ,equal masses for part ic les 
and ant ipart ic les. As d iscussed by 
John Ellis of C E R N , the most 
st r ingent tests of C P T c o m e f rom the 
neutral kaon sys tem in wh ich the 
relat ive mass di f ference of the two 
part ic les is less than 9 x 10~ 1 9. Ellis 
d iscussed var ious tests of C P T in 
C P L E A R exper iment at C E R N , 
possib le tests using ant ihydrogen 

a toms and tests to be per formed at 
D A F N E . 

G raham Ross (Oxford) and Stewar t 
Raby (Ohio) rev iewed other aspects 
of d iscrete symmetr ies . Ross 
s t ressed the need for discrete 
symmet r ies in extens ions of the 
Standard Model to keep everyth ing 
under contro l . Discrete symmet r ies 
also play an important role in the 
a t tempts to unders tand quark and 
lepton masses . 

Rev iewing progress on theor ies of 
quark masses and mix ings, Raby 
d iscussed SO(10) supersymmetr ic 
g rand unif icat ion theor ies, wh ich offer 
the s implest explanat ion for the 
observed Standard Model coupl ings. 
S o m e vers ions even fit the observed 
quark and lepton masses . These 
ideas can be tested in the future B 
factor ies, or at underground studies 
such as SuperKamiokande and 
Icarus v ia nuc leon decays. 

Pierre Sikivie of Florida rev iewed 
the status of the 'strong CP prob lem' 
- w h y the st rong interact ions 
conserve P and CP symmet r ies 
a l though the Standard Model as a 
who le does not. The most interest ing 
solut ion invokes a light spin zero 
part ic le, the ax ion. Constra ints f rom 
high energy physics searches, stel lar 
evolut ion and cosmology put the 
ax ion mass in the range 10~3 to 10~7 

eV. The axion wou ld then contr ibute 
to the dark matter of the universe and 
could be detected on Earth. 

The baryon asymmet ry in the 
Universe (matter-ant imat ter a s y m m e 
try) , in wh ich CP violat ion is bel ieved 
to play an important role, was h igh
l ighted by K immo Kainula inen of 
C E R N . However this huge a s y m m e 
try is not yet unders tood, and to 
answer this quest ion needs a test
able theory of how a Universe con 
ta in ing more baryons than 
ant ibaryons evo lved f rom a 
baryosymmet r ic Big Bang. A cand i 
date for such a testable theory is the 
min imal supersymmet r i c s tandard 
mode l but its abil i ty to generate the 
required asymmet ry remains to be 
proven. 

T h e f inal ta lks turned to a 
somewha t dif ferent topic: neutr ino 
masses and mix ings. Ju rgen Brunner 
f rom C E R N rev iewed the status of 
exper iments search ing for neutr ino 
osci l lat ions, where the current 
s i tuat ion is con fused . Brunner looked 
forward to clar i f icat ion f rom new 
results wh ich could c o m e in the next 
few years , or even months . 

A lexei Smi rnov (Trieste) d iscussed 
possib le pat terns of neutr ino masses 
and mix ing, wh ich may substant ia l ly 
differ f rom those in the quark sector. 
He also rev iewed the possibi l i ty of 
CP-v io lat ion in neutr ino osci l lat ions -
substant ia l in the case of large 
mix ing. Future long-basel ine 
exper iments could search for such 
effects. 

The D E S Y workshop certainly 
showed that d iscrete symmet r ies and 
related issues remain key quest ions 
of part icle physics. 

From Andrzej Buras (Munich 
Technical University) 

Stewart Raby (Ohio, left), Graham Ross 
(Oxford, centre) and Alexei Smirnov (Trieste) 
discuss fermion masses at the DESY Theory 
Workshop. 
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L'etancheite parfaite 

gamme monture aluminium, colons brut, anodise argent, 
anodise bronze, disponible en 1 m, 3 m. Fibres.polypropylene : 
leurs plus gros avantages sont un garnissage et une densite continus jusqu'aux 
extremites. 
J o i n t d'etaaicheit^ : air, poussi&re, eau, isolation dans te batiment 
(porte et portail). 
O b t u r a t i o n : lumiere, phonique, net toyage, gu idage, faelnage. 

range, aluminium fitting, natural colours, silver oxidised, 
bronze oxidised, available in 1 m, 3 m. Polypropylene fibers : their 
principal advantage lies in their covering which is of continuous density right 
up to the ends. 
Leak t igh t seal : air, dust, water, insulation in buildings (doors and gates). 
M a s k i n g : light, sound, c l ean ing , g u i d i n g , b r a k i n g . 

Grellor SA 8 B, rue Baylon, 1227 Geneve - Carouge 
Tel. (41 22) 307 14 14 
Fax (41 22)307 14 21 

(PR 
E C O L E P O L Y T E C H N I Q U E 
FEDERALE D E L A U S A N N E 

The Swiss Federal Institute of Technology Lausanne (EPFL) invites 
applications for the dual position of 

PROFESSOR of 
PLASMA PHYSICS 

and 
DIRECTOR OF THE CENTRE DE RECHERCHES 

EN PHYSIQUE DES PLASMAS (CRPP) 

The CRPP is a research center of the EPFL employing about 120 people 
including PhD students. The main areas of activity are in plasma physics. 
The fusion related work is an integral part of the European Fusion 
Programme to which Switzerland participates. The main plasma physics 
installation at the EPFL is a 1 M A mid-size tokamak TCV (tokamak a 
configuration variable), which is being equipped with a 4.5 M W ECRH 
system. As full professor, the candidate is expected to participate in teaching 
courses and supervising diploma work and PhD thesis work. In addition to 
the managerial responsibilities of a director the candidate wi l l lead the 
execution of the research programme of CRPP, including its participation in 
the international large programmes accessible through the European 
Programme and participate actively at least in one of the plasma physics 
research activity. Interest and ability to cooperate with other laboratories is 
required. Industrial spin-off activities from the research programme are 
strongly encouraged. The applicant must have a strong internationally 
recognized track record in research in the field of plasma physics, and 
demonstrated leadership of a research organisation. Experience in 
communicating and negotiating would be welcome. Deadline for 
applications: March 10, 1997. Starting date: as mutually convenient. 

Applications from women are particularly welcome. For further information, 
please contact in writing : Presidenee de l'Ecole polytechnique federate de 
Lausanne, CE-Eeublens, CH 1015 Lausanne, Suisse 

HIGH VOLTAGE 
POWER SUPPLIES 
Ultra-Compact TC Series 

Output 1 k V - 2 k V 1.5W 
• Ultra-compact, PCB mountable 

• Low ripple 

• Low Noise 

• Well-regulated, high performance 

Rack-Mount Package 
Au Series Output 1 kV-120kV 30W-1.2kW 

aMc MATSUSADA Precision Inc. 
Head Office 745 Aojicho Kusalsu 525 Japan 

American Office 2570 El Camino Real. 
Mountain View, CA 94040 USA 

European Office Rosenheimerstr. 145a, 
81671 Munchen Germany 

Tel : +81 -775-61-2111 Fax : +81 -775-61 -2112 

Tel : +1-415-917-7050 Fax : -+1-415-949-1217 

Tel : +49-89-4991691 Fax : +49-89-403602 

ISA 
Institute for V ^ ^ j l 

Storage Ring Facilities W 
University of Aarhus ^JjkW 

Position in Accelerator Physics 
for 

ASTRID, ISA 
The Institute for Storage Ring Facilities (ISA), which is running 
the dual-purpose storage ring, ASTRID, including injectors and 
beamlines, invites applications for a position in accelerator phys
ics. ASTRID runs half time for storage of positive/negative ions 
and molecules and half time as a synchrotron radiation (SR) 
source (580 MeV electrons). Concerning ion storage, the research 
programs include laser cooling, electron recombination/detach-
ment, lifetime measurements and laser-ion interactions. In SR four 
beamlines with monochromators are operational at present, i.e. 
1) a line dedicated to an imaging x-ray microscope, 2) a surface-
physics line using a Zeiss monochromator (SX 700), 3) a surface-
physics line using a new SGM monochromator together with a 
high-resolution electron spectrometer (SCIENTA), and an un-
dulator beamline with a monochromator for atomic physics. New 
accelerator/storage devices are also being developed. 

Candidates with operational experience from electron/ion storage 
rings or other accelerator facilities are particularly desirable. The 
successful candidate shall take part in the operation and further 
development of the storage ring facility, and will also be encour
aged to take part in research programmes. ISA is funded as a na
tional laboratory, and is located in the same buildings as the Insti
tute of Physics and Astronomy, together with other centers such as 
AC AP (Aarhus Center for Atomic Physics) with major activities at 
the storage ring facility. 

Applicants should submit a Curriculum Vitae and a List of Publica
tions together with names of professional references not later than 
March 1,1997, to Professor E. Uggerhoj, Director of ISA, Uni
versity of Aarhus, DK-8000 Aarhus C. Further information can 
be obtained from ISA on request, isa@dfi.aau.dk. See also the ISA 
homepage, http://www.dfi.aau.dk/isa.htm. 
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Bookshelf 

Particle Physics - One Hundred 
Years of Discoveries, V. V. Ezhela et 
al, American Institute of Physics 
Press, ISBN 1 56396 642 5 

Several years before the official start 
of the 20th century, a series of 
mi lestone physics exper iments 
p ioneered the science which 
eventual ly became to be known as 
particle physics. A new book by 
several authors f rom the C O M PAS 
group at the Institute for High Energy 
Physics, Protvino, near Moscow, and 
f rom the Particle Data Group effort at 
the Lawrence Berkeley Laboratory, 
reinforced by J.D. Jackson, has 
compi led a useful summary and 
bibl iography of more than 500 key 
papers marking the deve lopment of 
particle physics f rom 1895 to the 
d iscovery of the top quark in 1995. 
Some 70 percent of the listed papers 
are post Wor ld War 2. The book is 
comprehens ive ly indexed, including 
members of large col laborat ions and 
providing a useful benchmark. 
However actual entr ies confusingly 
use the first listed member of the 
col laborat ion, even if a Nobel Prize 
was subsequent ly awarded to 
another member of the team. 

Infinite Potential - The Life and Times 
of David Bohm, by F. David Peat, 
Addison Wesley, ISBN 0 201 40635 
7, $25 

Throughout his life, David Bohm felt 
himself to be different, and this was 
reflected in his lifestyle and in his 
physics. His life was one of unfulfi l led 
searching. If one compares main
stream physics to the church, with a 
solid hierarchy of cardinals, archbish
ops and bishops, Bohm was an 

ascetic hermit who would occasional ly 
come in f rom the wilderness with a 
compel l ing message, only to disap
pear again. Bohmian quantum me
chanics is not part of mainstream 
physics, but for those who do cross 
over, like John Bell, the commitment 
can be rewarding. In the post-war 'Un-
American Activities' purge, Bohm lost 
a prestigious job at Princeton and 
temporari ly his US cit izenship, and his 
nomadic career took him to Brazil, 
Israel and Bristol before he finally 
settled in London's Birkbeck Col lege. 
A sensitively-written book about a 
gifted, unusual and somet imes 
provocative figure. The interaction 
between Bohm and Oppenheimer is 
especially interesting, while Bohm's 
later life was bizarre. 

GF 

QCD and Collider Physics, by R.K. 
Ellis, J. Stirling and B. Webber, 
published by Cambridge University 
Press, ISBN 0 521 58189 3, price 
£35/$49.95 (hbk) 

Analys ing exper imental results in the 
light of Q C D is a major responsibi l i ty 
in any m o d e m particle physics 
exper iment . For exper imental ists, 
Q C D is notoriously difficult to handle, 
but this authori tat ive book by wel l -
known and respected 
phenomenolog is ts traces a clear path 
through the Q C D jungle and 
deserves to become a standard 
reference. 

EPAC 96 - Proceedings of the 5th 
European Particle Accelerator 
Conference, held in Sitges, near 
Barcelona, 10-14 June. 

These proceedings have been 
rapidly publ ished by the UK Institute 
of Physics Publ ishing in an initial CD-
R O M form (the book version took a 
bit longer). The impressive CD 
includes an Acrobat reader to enable 
the contents to be searched using 
and/or criteria. To accompl ish all this 
took a lot of effort (September 1995, 
page 8), but this is clearly the way to 
go. 

Books received 

Feynman Lectures on Computation, 
by Richard P. Feynman, edited by 
Anthony J. G. Hey and Robin W. 
Allen, Addison Wesley, ISBN 0 201 
48991 0. 

An imaginat ively and careful ly edi ted 
i tem of Feynman memorabi l ia , based 
on courses given at Cal tech f rom 
1983-86. 

The Picture Book of Quantum 
Mechanics, by Siegmund Brandt and 
Hans D. Dahmen, published by 
Springer, ISBN 0 387 94380 3 price 
DM78 (hbk) 

A fresh look at quantum mechanics , 
including some 200 computer-
generated i l lustrations showing the 
t ime evolut ion and parameter 
dependence of many different wave 
equat ions. 
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People and things 

Bastiaan ('Bas') de Raad - 42 years at CERN 

On people 

A prestigious Max Planck research 
prize goes to distinguished Russian 
experimentaiist Michael Danilov for 
research at the DESY Laboratory, 
Hamburg. Deputy director at 
Moscow's Institute of Theoretical and 
Experimental Physics (ITEP), 
Michael Danilov has been a major 
participant in DESY research since 
1978, having been a key member of 
the ARGUS experiment, and is one 
of the initiators of the HERA-B 
experiment which is to be 
commissioned in 1998. Germany's 
Alexander von Humboldt foundation 
and Max-Planck Association award 
the Max Planck research prize 
annually to six foreign and six 
German researchers to stimulate a 
flexible environment for joint research 
by German and foreign partners. 

Bastiaan ('Bas') de Raad retires 

After a 42-year career spanning 
almost all CERN's history, Bastiaan 
(cBas') de Raad retired at the end of 
1996. His methodical approach and 
meticulous care have ensured that 
CERN's accelerators have overcome 
challenges foreseen and unforeseen. 
Arriving in 1954, he joined the proton 
synchrotron magnet group, faced 
with the challenge of building a 
strong focusing machine, where he 
contributed first to magnet 
measurements and then to beam 
transfer magnets. In 1964 he joined 
the future ISR team, where he went 
on to become responsible for beam 
transfer, injection and dumping for 
the world's first proton collider. 
Following the commissioning of the 
ISR in 1971, he moved to the c300 
GeV project', later the Super Proton 

Synchrotron, where he was one of 
John Adams' group leaders, again 
looking after beam injection and 
ejection. Then came a series of key 
SPS roles, chairman of the running-in 
committee, leader of the combined 
accelerator groups, and finally 
Division Leader from 1981. During 
this period, the SPS saw its finest 

hour as a Nobel Prize-winning 
proton-antiproton collider, and went 
on to handle beams of heavy ions. 
With the SPS also faced with the 
challenge of having to inject 
electrons and positrons for LEP, 
de Raad conceived an ingenious 
scheme to safeguard the machine, 
designed to handle protons, from 
harmful electron synchrotron 
radiation, with carefully-placed 
diaphragms and screens, 
supplemented by lead shielding. With 
this shining armour, the SPS sailed 
gracefully into the LEP era. From 
1991-96 de Raad culminated his 
CERN career as Leader of the 
Technical Inspection and Safety 
Commission. 

Lohrmann retirement 

A special symposium at the German 
DESY Laboratory, Hamburg, on 25 
October, organized jointly with 
Hamburg University, marked the 
formal retirement of Erich Lohrmann, 
who for over 30 years has pushed 
the study of elementary particles in 
Hamburg, decisively shaping the 
contours of the discipline. As well as 
his own contributions to particle 
physics, his support of younger 
scientists has been much appreci
ated. After graduating in 1956, he 
worked on cosmic rays and elemen
tary particles in Stuttgart, Bern, 
Frankfurt and Chicago. In 1961 he 
came to DESY, where he stimulated 
German-French collaboration in one 
of the first bubble chamber experi
ments at the new laboratory. He 
soon advanced to Leading Re
searcher and from 1968-74 and from 
1979-81 was DESY Research 
Director. At CERN, he was a member 

Michael Danilov - Max Planck research prize 
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P e o p l e a n d t h i n g s 

Erich Lohrmann (right) at his retirement 
symposium at DESY with his former Stuttgart 
research supervisor Erwin Schopper. 

of the Scientific Policy Committee 
from 1981-86 and Research Director 
from 1976-78. Most recently at DESY 
he has been involved in the Zeus 
experiment at HERA. In 1976 he 
became Professor at Hamburg and 
went on to become dean of physics. 
He has also chaired the high energy 
physics advisory committee of the 
Federal Minister of Research, 

A.A. Logunov's 70th birthday 

On 30 December Anatoly 
Alexeyevitch Logunov, Director of the 
Institute of High Energy Physics at 
Serpukhov, near Moscow, celebrated 
his 70th birthday. During his more 
than 40-year scientific career he has 
made fundamental contributions to 
the early development of the 
renormalization group methods, 
to the proof and use of the dispersion 
relations and to rigorous high-energy 
asymptotic theorems. He and his 
collaborators adapted the power of 
the axiomatic approach to the study 
of analytical structure and high-
energy behaviour of multiparticle 

Anatoly Alexeyevitch Logunov - 70 

amplitudes with the use of what were 
later called "inclusive processes". His 
name is also related to pioneering 
papers on finite energy sum rules 
and the "quasipotential" approach in 
quantum field theory. In recent years 
he has devoted much attention to a 
consistent formulation of the theory 
of gravitation. 

In addition to his scientific 
achievements, he is also one of the 
key figures in the organization of high 
energy physics research in the USSR 
and Russia. In 1963 he was nomi
nated Director of the newly-created 
Institute for High Energy Physics in 

Protvino, near Serpukhov (Moscow 
Region). Under his leadership the 76 
GeV accelerator, the biggest in the 
world at the time, was constructed 
and commissioned in 1967. He has 
also initiated and strongly promoted a 
wide and close collaboration with 
CERN, France and the USA. In 
1974- 91 he was Vice-President of 
the Academy of Sciences of the 
USSR, and in 1977-92 Rector of 
Moscow State University. 

IUPAP elections 

At its recent General Assembly in 
Uppsala, Sweden, the International 
Union of Pure and Applied Physics 
(IUPAP) elected Jan S. Nilsson of 
Stockholm's Wallenberg Foundation 
as President of the Executive 
Council, succeeding Yoshio 
Yamaguchi of Tokai. Secretary 
General is Rene Turlay of Saclay, 
and President Designate is Burton 
Richter of SLAC, Stanford. The new 
chairman of IUPAP's C11 
Commission on Particles and Fields 
is Barry Barish of Caltech. 

Mikhail Vasilievich Terentyev (1935-
1996) 

Distinguished Russian theorist 
Mikhail Vasilievich Terentyev died in 
Moscow on 26 September. After 
graduating from Moscow's Institute of 
Physics and Engineering in 1959, he 
joined the Theoretical Department of 
the Institute for Theoretical and 
Experimental Physics, where he 
worked for the rest of his life. One of 
the most talented students of 
V.B.Berestetskii, Misha Terentyev 
made many important contributions 
to particle theory. In 1963 he found a 
non-renormalization theorem for a 
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BROOKHAVEN NATIONAL LABORATORY 

SCIENTIFIC STAFF POSITIONS 
A research center focus ing on the phys ics p rog ram of the Relat iv ist ic Heavy Ion Col l ider (RHIC) , hard 
QCD/sp in phys ics , a n d relativist ic heavy ion phys ics is expec ted to be es tab l i shed by the Insti tute of 
Physica l and Chemica l Resea rch , J a p a n (R IKEN) at B rookhaven Nat ional Laboratory. T h e m e m b e r s 
of the Center wil l be Research Assoc ia tes ( two-year appo in tments ) , R I K E N - B N L Fe l lows (up to f ive-
year appo in tments ) and Vis i t ing Scient is ts . Frequent wo rkshops are p lanned . Dur ing the first year, 
beg inn ing in fal l 1997, severa l posi t ions for theor is ts in the above categor ies are expec ted to be 
o f fered. M e m b e r s of the Center wil l wo rk c losely wi th the exist ing high energy and nuc lear phys ics 
g roups at BNL . 
Scient is ts w i th appropr ia te backg rounds w h o are interested in app ly ing for one of these posi t ions 
shou ld send a curriculum vitae and th ree letters of re ference to Dr. T.D. Lee, Bui ld ing 51 OA, 
B rookhaven Nat iona l Laboratory, P.O. Box 5000 , Upton, Long Is land, NY 11973-5000, before March 
1 , 1997. B N L is an equa l oppor tun i ty emp loye r commi t ted to wo rk force diversity. 

i) i i i Cllll 
B R O O K H A V E N 

N A T I O N A L L A B O R A T O R Y 

A S S O C I A T E D U N I V E R S I T I E S , I N C . 

on the frontier of science and technology 

The Depar tmen t of Physics and As t ronomy of the 

U n i v e r s i t y o f B a s e l 
seeks a 

p r o f e s s o r i n e x p e r i m e n t a l p h y s i c s 
working in the area of nuclear physics, in particular the in
vestigation of the nucleonic and subnucleonic degrees of 
freedom of nuclei using leptonic probes. Applicants 
should be distinguished by outstanding past performance 
in the area of nuclear physics, and have extensive ex
perience in the domain of lepton-nucleus scattering. 
The candidate should enjoy to teach physics both at the 
introductory level and in more advanced specialized 
courses. 
Depending on the qualification and experience of the 
successful applicant, the position can be filled at the 
associate professor level, or at the assistant professor 
level. 
In order to increase the percentage of women in research 
and teaching, the University of Basel explicitly welcomes 
applications of women. 
Applicants should send the usual documents with curricu
lum vitae, list of publications (singling out the 5 most 
important ones), a short description of future research in
terests and past activity in teaching, before v I \ / I • 
Feb. 28, 1997 to: _ \ l / \ l / _ 
Dekan der Philosophisch-Naturwissen-
schaftlichen Fakultat,Missionsstrasse 64 
CH-4055 Basel,Switzerland. 
For further information please contact 
Prof. I. Sick, Sick@ubaclu.unibas.ch 

n / | \ / | \ / 

U N I 
B A S E L 

. C 0 0 3 4 1 1 8 4 4 

POSTDOCTORAL POSITION 
EXPERIMENTAL HIGH ENERGY PHYSICS 

UNIVERSITY OF CALIFORNIA, SAN DIEGO 

The Department of Physics at the University of California, San 
Diego invites applications from outstanding candidates for one or 
two postdoctoral researcher positions in the field of experimental 
high energy physics. These positions are subject to budgetary 
approval. 

UCSD is involved in research in Heavy Quark physics with the 
CLEO detector at theCESR collider in Ithaca and the forthcoming 
B ABAR detector at the PEP-II asymmetric e + e" collider at SLAC. 
Information about this group's research interests and activities on 
the CLEO and BABAR experiments can be obtained from 
http://hephpl.ucsd.edu/ 

A Ph.D. in experimental particle physics is required, with 
evidence of experience in hardware development and data analysis. 
Applicants should send a copy of their curriculum vitae, including a 
statement of physics interest, and arrange for three letters of 
recommendation to be sent to: 

Prof. Vivek Sharma 
Physics Department, 0319 

University of California at San Diego 
9500 Gilman Drive, La Jolla, CA 92093-0319 

email: pdsearch@hephpl.ucsd.edu 
phone: +(619) 534 1943 

The nominal deadline for the receipt of the application is 20 
March 1997, but the search shall continue until the position is 
filled. 
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P e o p l e a n d t h i n g s 

EdnorM. Rowe 1928-96 

weak vector isovector current. (A 
year later an analogous theorem for 
a changing strangeness vector 
current was discovered by Ademollo 
and Gatto.) In 1965 (in collaboration 
with V.S. Vanyashin) he was the first 
to find that vector bosons give a 
"wrong sign" contribution to the 
renormalization of the electromag
netic charge, a phenomenon later 
understood as "asymptotic freedom" 
of non-abelian fields. For many years 
he was the Editor of "Yadernaya 
Fisika". In the last year of his life, 
while suffering from leukemia, he 
started to teach at Moscow Institute 
of Physics and Engineering and 
started to prepare a major course of 
lectures on elementary particle 
theory. M. V. Terentyev was a very 
generous and kindhearted man - the 

Virendra Singh, Director of the Tata institute 
for Fundamental Research, Mumbai (Bombay) 
inaugurated the Golden Jubilee 'Sujayata' 
theoretical physics symposium with a talk on 
the founder of the Tata Institute, Homi Bhaba 
(inset), and the development of theoretical 
physics at the Tata Institute. 

The traditional John Adams Memorial Lecture 
at CERN in November this time marked 50 
years of synchrotrons (September 1996, page 
10). John Lawson (left), formerly of the UK 
Rutherford Appleton Laboratory and who was 
close collaborator of John Adams at the UK 
Harwell Laboratory, spoke on early 
synchrotron history in Europe, while Giorgio 
Brianti (right), formerly of CERN, covered the 
CERN machines. 
(Photo CERN HI 10.11.96) 

conscience of ITEP's Theoretical 
Department. He lives in the hearts of 
all those who worked with him, and 
who respected and admired him. 

EdnorM. Rowe 1928-96 

Ednor M. Rowe, founder of 
Wisconsin's Synchrotron Radiation 
Centre and a leading force behind its 
success, died last year. In the 1960s 
at the Mid-Western Universities 
Research Association (MURA) in 

Madison he became head of the r.f. 
group, working on new accelerator 
ideas. With the dissolution of MURA 
in 1967 he joined the staff of Madi
son-Wisconsin, where he pushed for 
the establishment of the Synchrotron 
Radiation Centre, serving as its 
Director from 1970-83. With Fred 
Mills, he designed and built the 240 
MeV Tantalus electron storage ring, 
subsequently converted into a 
dedicated synchrotron radiation 
source and the forerunner of Wiscon
sin's big Aladdin ring. 
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F o u n d a t i o n for F u n d a m e n t a l 

Research on Ma t t e r 

The Foundation FOM advances 

and coordinates physics research. 

It is being funded mainly by the 

Netherlands organization for 

scientific research NWO. In 

addition FOM receives funding 

from Euratom, the EU and 

several commercial companies. 

FOM employs about 1000 

people, most of them academics, 

including PhD-students and 

postdocs, and technicians. 

They work at five institutes with

in FOM and about 100 working 

groups at Dutch universities. 

FOM was founded in 1946 

and is a recognized NWO-

foundation. 

Theoretical physicist 
NIKHEF, the D u t c h Nat iona l Ins t i tu te 

for N u c l e a r Phys ics a n d H i g h 

Ene rgy Phys ics is a co l labora t ion of 

the F o u n d a t i o n for F u n d a m e n t a l 

Research on Ma t t e r (FOM), the 

Unive r s i ty of A m s t e r d a m , the Free 

Unive r s i ty at A m s t e r d a m , 

the Un ive r s i ty of N i jmegen a n d the 

Un ive r s i ty of Utrecht . 

The N I K H E F theo ry g r o u p invest i 

ga tes the theoret ical aspec ts of s u b 

a tomic phys ics re levant for the u n d e r 

s t a n d i n g , the ana lys is a n d / or the 

d e s i g n of p r e s e n t or future exper i 

m e n t s . Its research p r o g r a m m e 

p re sen t ly covers h a d r o n s t ruc ture , 

p e r t u r b a t i v e Q C D , h igh -o rde r 

p e r t u r b a t i v e ca lcula t ions in the 

s t a n d a r d m o d e l , s u p e r s y m m e t r y , 

classical a n d q u a n t u m grav i ty a n d 

s t r ing theory. The g r o u p is pa r t of the 

D u t c h Research School for Suba tomic 

Phys ics , a n d it is associa ted w i t h the 

D u t c h N a t i o n a l Research School in 

Theoret ica l Phys ics . 

The N I K H E F theory g r o u p seeks to 

a p p o i n t a theoret ical physic is t to 

reinforce a n d b r o a d e n the s p e c t r u m 

of research in the field of theoret ical 

s u b a t o m i c phys ic s . 

Requirements : 

We are look ing for a theoret ical 

phys ic i s t w i t h p r o v e n interest a n d 

exper ience in theoret ical s u b a t o m i c 

phys ics . A p p l i c a n t s are j u d g e d as to 

creativity, abil i ty to es tabl ish an 

i n d e p e n d e n t research p r o g r a m m e 

a n d to di rect the research of jun ior 

phys ic i s t s . The succesful c a n d i d a t e 

m u s t h a v e an excel lent research a n d 

pub l i ca t ion record . H e / s h e is ex

pec t ed to take an act ive p a r t in n e w 

d e v e l o p m e n t s in theoret ical par t ic le 

phys ics , a n d to c o m m u n i c a t e t h e m 

to o u r research c o m m u n i t y b y t ak ing 

p a r t in s e m i n a r s , s u m m e r s c h o o l s a n d 

t h r o u g h the s u p e r v i s i o n of s t u d e n t s 

at the PhD- leve l . G o o d c o m m u n i c a 

tion a n d lectur ing skills are impor tan t . 

A s s i g n m e n t : 

N I K H E F offers a t enure - t r ack 

a p p o i n t m e n t , w h i c h after an initial 

p e r i o d d e p e n d i n g o n age a n d exper i 

ence can be e x t e n d e d to a cont rac t for 

indef in i te t e rm acco rd ing to the ru les 

of ou r f u n d i n g agency (FOM). 

Information: 

Fu r t h e r in fo rma t ion can be ob t a ined 

from the c h a i r m a n of the Search 

C o m m i t t e e , Dr. J.W. v a n Ho l t en , 

t e l e p h o n e +31-205925131, e-mail 

t32@nikhef.nl 

Appl icat ion: 

Letters of app l ica t ion , i n c l u d i n g 

c u r r i c u l u m vi tae , pub l i ca t ion list a n d 

the n a m e s of th ree references are to 

b e sent w i t h i n th ree w e e k s to the 

p e r s o n n e l officer Mr. T. v a n E g d o m , 

NIKHEF, P.O. Box 41882,1009 DB 

A m s t e r d a m , The N e t h e r l a n d s or to 

the e-mail a d d r e s s : pz@nikhef .n l 

N l j ^ E F 
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The travelling exhibition 'Hadrons for Health' 
managed by Werner Kienzle of CERN and 
Alessandro Pascolini of Padua was recently on 
show at the Czech Academy in Prague. Left to 
right - Werner Kienzle, Maurice Jacob, who 
opened the exhibition on behalf of CERN, and 
Jiri Niederle, Vice Chairman of CERN Council 
and Director of international affairs for the 
Czech Academy. 

Cormac O Ceallaigh 1912-96 

Cormac O Ceallaigh (pronounced 
O'Kelly), who died on 10 October, 
made major contributions to cosmic 
ray physics. After working under 
Rutherford at the Cavendish 
Laboratory, Cambridge, in the 1930s 
and under Powell at Bristol from 
1949-53, in 1953 he moved to the 
Dublin Institute for Advanced 
Studies, where his experiments 
continued through to the era of the 
Space Shuttle. 

Peter Fowler 1923-96 

Peter Fowler, the grandson of Ernest 
Rutherford, was, like O Ceallaigh, a 
member of Cecil Powell's cosmic ray 

Under a recent agreement between CERN and 
the Spanish Centre for Industrial and Techno
logical Development (CDTI), each year five 
young engineering graduates will come to 
CERN with Spanish support for two years of 
training in accelerator-based high technology. 
The first to arrive were (left to right) Guilermo 
Calviho Palacios, Julio Lucas Torrabla, Isabel 
Bejar Alonso and Montserrat Pol Fraga. 
(Photo Maurice Jacob) 

group at Bristol. An ingenious experi
menter, he continued his studies 
using airborne detectors in balloons, 
aircraft and satellites, where his 
results on heavy nuclei provided 
valuable input for our understanding 
of element formation in supernovae. 

J.M. Valentine 1925-96 

Former Rutherford Appleton 
Laboratory Secretary J.M. ('Jim') 
Valentine died on 31 October. After a 
PhD in nuclear physics at Glasgow 
and an initial career in medical 
physics, he joined the Rutherford 
Laboratory in 1962 and served as 
Laboratory Secretary from 1963 until 
his retirement in 1990, overseeing 
the 1979 merger with the Appleton 
Laboratory. 

The linear collider route 

As well as CERN's LHC proton-
proton collider, the other route 
towards the high energy frontier is via 
a linear electron-positron collider, the 
physics coverage of these two routes 
being seen as complementary. 

Over the past year, a series of 
meetings organized by the European 
Committee for Future Accelerators 
(ECFA) and the German DESY 
Laboratory, Hamburg, have 
examined the physics possibilities 
and detector requirements for this 
research at collision energies of 500 
GeV and more. After meetings at 
Frascati, DESY, CERN, London, and 
Munich, a final meeting was held at 
DESY in November. The outcome 
will be a report submitted to the 
German Science Council next spring. 
Physics aims can broadly be 
classified under investigating the top 
quark, the W boson, the Standard 
Model and the higgs mechanism, and 
supersymmetry. 

While this study reflects the effort 
going on in Europe, and in particular 
at DESY, where in particular linear 
collider machine research and 
development explores the 
superconducting TESLA and the 
more classic S-band radiofrequency, 
work is continuing in specialist 
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Opening the seventh 'Italy at CERN' trade 
show on 19 November, Italian Minister for 
Universities and Scientific and Technological 
Research Luigi Berlinguer was presented with 
a copy of 'Nel Mistero dell Universo', the Italian 
edition (De Agostini, Novara) of 'Search for 
Infinity', the book on CERN science by Gordon 
Eraser, Egil Lillestol and Inge Sellevag. 
(Photo CERN HI 25.11.96) 

Visiting CERN in November was Swedish 
Minister for Trade Bjorn von Sydow (right), 
seen here with CERN Director General Chris 
Llewellyn Smith. 
(Photo CERN HI 7.11.96) 

: Bldg 51 OA, BNL, Upton NY 11973, Italy, from 10-12 September, the week 
Meetings Telephone: 516-344-3903, email preceding the International Confer-

Chrien ©bnl.gov fax: 516-344-5568 ence on Medical Physics in Nice. 
The next High Energy Physics Information from Roberto Cirio, 
International Euroconference on The International Symposium on /A/FA/ TO, Via Giuria 1,1-10125 
Quantum Chromodynamics "Strangeness in Quark Matter" will be Torino, fax +39 11 6699579, Gerhard 
(QCD97), marking the 25th held from 14-18 April in Santorini, Kraft, Biophysics GSI, Planck Str. 1, 
anniversary of QCD, will be held from Greece. Contact D-64291 Darmstadt, fax +49 6159 
3-9 July in Montpellier (France). SQM97@atlas.uoa.gr or 712106, or Enzo Sacco, IEO sez. 
Deadline for registration, abstracts Apostolos.Panagiotou@cern.ch TERA Ml, via Ripamonti 435, 20141 
and papers is 9 May. Contact: QCD Milano, fax +39 2 57489208 
secretariat or S. Narison, Laboratoire The 6th Workshop on Heavy Charged 
de Physique Mathematique et Particles in Biology and Medicine will The Proceedings of the 1996 Zuoz 
Theorique, UM2, Place Eugene be held at Baveno, Lago Maggiore, Summer School on Physics with 
Bataillon, 34095 Montpellier Cedex 
05 (France). Phone: (33) 04 67 14 35 
68 Fax: (33) 04 67 54 48 50, e-mail: 
qcd @ Ipm. univ-montp2. fr 

The International Conference on 
Hypernuclear and Strange Particle 
Physics - HYP97 - will take place 
from 13-18 October at Brookhaven 
National Laboratory, Upton NY 
11973, USA. Contact R. E. Chrien, 

Heavy ion transition. Old and new spokesmen 
for the NA49 experiment at CERN - Reinhard 
Stock (right) of Frankfurt hands over to Peter 
Seyboth of Munich's Max Planck Institute. 
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New Division Leaders at CERN: left to right -
Jurgen May (Information Technology), 
Romeo Perin (Supplies, Procurement and 
Logistics) and Helmut Schdnbacher (Technical 
Inspection and Safety Commission) 

Neutrinos is available from Christine 
Kunz, Paul Scherrer Institute, 
Wurenlingen and Villigen, 5232 
Villigen PSI, Switzerland. Tel +41 56 
310 42 23, fax: +41 56 310 32 94, e-
mail Christine. kunz@psi.ch 

Beyond the LHC 

Very Large Hadron Collider Physics 
and Detector Workshop Physics At 
The High Energy Frontier Beyond the 
LHC is the title of a workshop 
sponsored by Fermilab and the US 
Department of Energy to be held 
March 13-15 at Fermilab. It will 
concentrate on the physics and 
detector issues associated with a 
hadron collider with a collision energy 
of the order of 100 to 200 TeV. 

Further information from Diane 
Sellinger, Physics Section, Fermi 
National Accelerator Laboratory, MS 
#122, P.O. Box 500, Batavia, Illinois 
60510, Phone: 630 840-3201, E-mail: 
sellinger@fnal.gov. 

Last summer, CERN translator Frangois Siohan 
(who handles the lion's share of the translation 
for the French edition of the CERN Courier) 
bravely set out to break the world cycling record 
for vertical height in 24 hours. Using the 11.2 
kilometre stretch between Gex at the foot of the 
Jura mountains near CERN and the Faucille 
(sickle) pass, the indomitable Frangois, 55, 
relentlessly scaled the 711 metre ascent 21 
times, making a total climb of 14,931 metres. 
The previous record was 13,552 metres. 
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RESEARCH ASSOCIATE 
SUPERCONDUCTING RF TECHNOLOGY LIP - LAB ORATORIO DE INSTRUMENTACAO E PARTICULAS 

LISBON 

PROJECT ASSOCIATE 
ELECTRONICS FOR PARTICLE PHYSICS 

The LIP-Lisbon institute invites applications for a 
project associate position, available immediately, to 
participate in the deve lopment of the CMS 
calorimeter trigger system. The position offers 
opportunities for the development of trigger circuits 
prototypes to be evaluated in test beam. The person 
will be based at CERN. 

Candidates should have an electronics engineer 
degree and experience with electronics for trigger 
and data acquisition systems in high energy physics. 
Knowledge of modern electronics design methods 
and tools is necessary. Experience with control and 
data acquisition buses is also required. 

Letters of application, including a statement of 
experience and interests, supported by a curriculum 
vitae and the names and addresses of two referees, 
should be sent to Dr. J. Varela, CERN, CH-1211 
Geneva 23, Switzerland. 

MIT 
P o s t d o c t o r a l A s s o c i a t e 

T h e B a t e s L i n e a r A c c e l e r a t o r C e n t e r invites 
applications for a postdoctoral position in the Polarized Injector 
Group. The successful candidate will join the group's activities in 
further improving and characterizing the delivery of high quality 
polarized beam for the parity violation SAMPLE experiment 
which requires high quality polarized beam of unprecedented 
stability. Will also participate in the beam delivery to other 
approved physics experiments and contribute to the upgrade of 
the polarized source and the laser system to meet the high peak 
current requirements of the South Hall Ring (SHR). 

Requirements: a Ph.D. in experimental or applied physics 
with experience in and knowledge of accelerator based photo-
emission. Must be able to efficiently function as a team member 
with demonstrated attention to technical details in systems with 
similar complexity. Working experience with delicate UHV 
systems also required. Experience with charged particle beam 
optics and working knowledge of high power laser systems and 
electro-optical devices and the operation of facilities dedicated to 
beam delivery desirable. The position may require rotating shift 
work during beam operation of the source. Bates is located in 
Middleton, Massachusetts. 

Please send a cover letter, a current C. V., and the names of 
three references to: Mr. Richard Adams, Laboratory for 
Nuclear Science, MIT, Bldg. 26-516, 77 Massachusetts 
Avenue, Cambridge, MA 02139. MIT encourages applications 
from women and minorities. 

Massachusetts Institute of Technology 
An Equal Opportunity/Affirmative Action Employer 

Non-Smoking Environment 

CORNELL 
U N I V E R S I T Y 

LABORATORY OF NUCLEAR STUDIES 

We anticipate an opening for a Research Associate to work 
on the development, installation, and operation of the 
Superconducting RF systems for the Cornell electron-
positron colliding beam facility, CESR. Over the next few 
years, the major activities for the Laboratory will be the 
operation and upgrade of CESR with the goal of substan
tially improving the luminosity. R&D is in progress on 
major components such as superconducting cavities, high 
power input couplers, high power windows , higher order 
mode loads, cryostat, refrigeration, RF power distribution, 
instrumentation, and controls. 

This is a three-year appointment with the expectation 
of renewal, subject to mutual satisfaction and the availabil
ity of funds under our NSF contract. A Ph.D. in physics or 
engineering is required with related experience in some of 
the areas outlined above. Please send an application with 
curriculum vitae and arrange for at least two letters of 
references to be sent to: 

Dr. Hasan Padamsee 
Cornell University 

N e w m a n Laboratory 
Ithaca, NY 14853-5001 

E-mail to: SEARCH@LNS.CORNELL.EDU 

Cornel l Univers i ty is an equal-opportunity, aff irmative-action employer. 

DESY 
DESY announces several 

"DESY-Fellowships" 
for young scientists in experimental particle physics to 
participate in the research mainly with the HERA collider 
experiments H1 and ZEUS or with the fixed target expe
riments HERA-B and HERMES. New fellows are selected 
twice a year in April and October. 

DESY fellowships in experimental particel physics are 
awarded for a duration of two years with the possibility 
for prolongation by one additional year. 

The salary for the fellowship is determined according to 
tarifs applicable for public service work (I la MTV Ang.). 

Interested persons, who have recently completed their 
Ph.D. and who should be younger than 32 years are in
vited to send their application including a resume and the 
usual documents (curriculum vitae, list of publications, 
copies of university degrees) until 31 of march 1997 
to DESY, Personalabte i lung - V2 NotkestraBe 85, 
D-22607 Hamburg . They should also arrange for three 
letters of reference to be sent until the same date to the 
address given above. 

Handicapped applicants with equal qualifications will be 
prefered. 

DESY encourages especially women to apply 

As DESY has laboratories at two sites in Hamburg and 
in Zeuthen near Berlin, applicants may indicate at which 
location they would prefer to work. 
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Claudio Villi 1922-1996 

External 
correspondents 
Argonne National Laboratory, (USA) 

D. Ayres 

Brookhaven, National Laboratory, (USA) 
P. Yamin 

CEBAF Laboratory, (USA) 
S. Corneliussen 

Cornell University, (USA) 
D. G. Cassel 

DESY Laboratory, (Germany) 
P. Waloschek 

Fermi National Accelerator Laboratory, 
(USA) 

Judy Jackson 

GSI Darmstadt, (Germany) 
G. Siegert 

INFN, (Italy) 
A. Pascolini 

IHEP, Beijing, (China) 
Qi Nading 

JINR Dubna, (Russia) 
B. Starchenko 

KEK National Laboratory, (Japan) 
S. Iwata 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
C. Hoffmann 

NIKHEF Laboratory, (Netherlands) 
Margriet van der Heijden 

Novosibirsk Institute, (Russia) 
S. Eidelman 

Orsay Laboratory, (France) 
Anne-Marie Lutz 

PSI Laboratory, (Switzerland) 
P.-R. Kettle 

Rutherford Appleton Laboratory, (UK) 
Jacky Hutchinson 

Saclay Laboratory, (France) 
Elisabeth Locci 

IHEP, Serpukhov, (Russia) 
Yu. Ryabov 

Stanford Linear Accelerator Center, (USA) 
M. Riordan 

TRIUMF Laboratory, (Canada) 
M. K. Craddock 

CERN Council 

The December meeting of CERN's 
governing body, Council (see page 1) 
was the last to be presided over by 
Hubert Curien of France. Luciano 
Maiani of Italy now takes over. At the 
December meeting, Fernando 
Barriero of Spain was appointed to 
the Scientific Policy Committee. 
Alberto Scaramelli is appointed 
leader of CERN's Technical Support 
Division from 1 July, succeeding Fritz 
Ferger, and Alvaro de Rujula is 
appointed leader of CERN's Theory 
Division from 1 July, succeeding 
Gabriele Veneziano. 

DOE Office of High Energy and 
Nuclear Physics 

In the US Department of Energy 
(DOE), S. Peter Rosen has been 
appointed Associate Director for High 
Energy and Nuclear Physics (HENP), 
taking over from Director of the High 
Energy Office John O'Fallon who has 
been serving as Acting Associate 
Director for High Energy and Nuclear 
Physics following the retirement of 
Wilmot Hess. 

Claudio Villi 1922-1996 

Claudio Villi, theoretical physicist and 
former President of the Italian Istituto 
Nazionale di Fisica Nucleare (INFN), 
died on 18 December. Born in 
Trieste, he took part in the Italian 
liberation with the British army, 
subsequently graduating in physics 
at Trieste and starting nuclear 
physics research with the Padua 
theoretical group. His main 
contributions were in the area of 
nuclear structure and reactions, 

including a model for the internal 
structure of the nucleon, which was 
probed in the historic Stanford 
experiments by Robert Hofstadter. 
In 1960 Villi became professor of 
theoretical physics at Parma and in 
1962 moved to Padua to teach 
nuclear physics and then 
mathematical methods till his 
retirement. 

He pushed the development of 
nuclear physics in Italy, promoting in 
particular the upgrade of the Legnaro 
National Laboratory and the creation 
of the National Southern Laboratory 
at Catania. He served as INFN 
President from 1970 - 75 and 
succeeded in strengthening the 
structure of INFN and its role as a 
State institution, in creating a network 
of relations with Italian universities 
and other research bodies, and in 
promoting international cooperation. 

In 1976 he was elected Senator of 
the Italian Republic, paying particular 
attention to science, energy and 
environmental problems. A man of 
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broad scientific, cultural and social 
interests, he gained prestigious 
awards for his scientific activity, his 
devotion to the development of 
science and for the promotion of 
international cooperation. 

UK Institute of Physics Awards 

The 1997 list of awards by the UK 
Institute of Physics includes four 
people well-known at CERN, either 
directly or through their work. 

Alexander Donnachie of 
Manchester receives the prestigious 
Glazebrook Prize. As well making 
many contributions to 
phenomenology, he has also been 
Head of the High Energy Particle 
Physics Division at the UK's 

Daresbury Laboratory, a member of 
CERN's Research Board and Chair
man of the SPS Experiments Com
mittee. He has recently served on a 
review committee for Dutch physics. 

Peter Higgs of Edinburgh receives 
the prestigious Paul Dirac Prize for 
his contributions to gauge invariant 
field theories and to the spontaneous 
symmetry breaking mechanism 
which customarily bears his name. 

Roger Forty of CERN receives the 
Charles Vernon Boys Prize, reserved 
for young researchers, for his work 
on B-particle physics with the Aleph 
experiment at CERN's LEP electron-
positron collider. 

Timothy Berners-Lee of MIT 
receives the Duddell Prize for his 
invention of the World Wide Web at 
CERN in 1989. 

Meeting 

The 5th Topical Seminar on "The 
Irresistible Rise of the Standard 
Model" will take place in San Miniato 
al Todesco, Italy, from 21-25 April at 
the Centro Studi 7 Cappuccini". The 
Seminar is organized by F.-L. 
Navarria/Bologna and P.G. Pelfer/ 
Firenze, and is sponsored by IN FN, 
Universita di Bologna, Universita di 
Firenze, Regione Toscana. 
Attendance, by invitation only, will be 
limited to approximately 

one hundred. Information: F.-L. 
Navarria, Dipartimento di Fisica, V.le 
Berti-Pichat 6/2, 1-40127 Bologna, tel 
+39 51 6305082/6305101, fax+39 
51 247244, e-mail kaos@bo.infn.it 

http://www. bo. infn. it/conferences/ 
sminiato-new/sminiato97.html 

Air Bearings 
Precision Rotary Table 
Standard diameters are 60, 90, 120, 200, 300, 400 and 600 mm. 
Centering and levelling of the rotary tables can be accomplished 
either manually or automatically. The drive and positioning are 
designed to suit specific customer requirements. Positioning accuracy 
of < 1 arc. second. The radial and axial runout is 0,08|im, depending 
on diameters and requirements. 
Increasing demands in the field of precision and gauging machine 
technology require the utilization of air bearing guidance systems. 
KUGLER air bearings have been developed with respect to state-of-
the-art technology and many years tradition of mechanical excellence. 

KUGLER 
Tel.: 0049(0)7553-92 00 0 
Fax: 0049(0)7553-92 00 45 
Heiligenberger StraBe 100 
88682 Salem - Germany 

L a s e r O p t i c s & S y s t e m s - I n t e r f e r o m e t e r s - A ir B e a r i n g s - M i c r o - m a c h i n i n g S y s t e m s 
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RESEARCH 
GROUP LEADER 

Advanced Photon Source 
A r g o n n e N a t i o n a l L a b o r a t o r y , loca ted 2 0 mi les 
sou thwes t of C h i c a g o , is o n e of the p remie r sc ien
tific r e sea rch a n d d e v e l o p m e n t o rgan iza t ions in 
the U n i t e d S ta t e s . A n oppor tun i ty to lead the 
L a b o r a t o r y ' s A c c e l e r a t o r P h y s i c s G r o u p n o w ex
ists for a phys ic i s t w h o has ach ieved a pos i t ion of 
s ta ture in the field of acce le ra to r p h y s i c s , and is 
specif ical ly a c k n o w l e d g e d for r e sea rch and lead
ersh ip in the a rea of synchro t ron l ight sources . 

W e w o u l d look to the se lec ted cand ida t e to deve lop 
and ma in ta in an exce l l en t acce le ra to r r e sea rch p r o 
gram, by e x p a n d i n g the capabi l i t i es of the A d 
vanced P h o t o n S o u r c e acce le ra to r sys t ems and 
deve lop ing i n n o v a t i v e acce le ra to r phys i c s con
cepts in to n e w r e s e a r c h oppor tun i t i e s . R e s p o n s i 
bi l i t ies inc lude p r o v i d i n g technica l l eadersh ip and 
m a n a g e m e n t supe rv i s ion to the G r o u p , o rgan iz ing 
seminars and a v is i t ing sc ient is t p r o g r a m and un
der tak ing occas iona l t e ach ing respons ib i l i t i es sat 
the Univers i ty of C h i c a g o . 

Qual i f ied cand ida t e s wi l l p o s s e s s a level of k n o w l 
e d g e typical ly a c h i e v e d wi th 10+ y e a r s ' exper i 
ence in acce le ra to r p h y s i c s r e sea rch as wel l as an 
es tab l i shed r epu ta t ion in the acce le ra to r c o m m u 
nity at la rge . E x p e r i e n c e in supe rv i s ing the r e 
search of P h . D . cand ida t e s and pos tdoc to ra l r e 
s e a r c h e r s , a n d d i r e c t i n g a r e s e a r c h g r o u p is 
necessary . P h . D . or equ iva l en t c redent ia l s are a 
requis i te . 

A r g o n n e offer a s t imula t ing p rofess iona l env i ron
men t , c o m p e t i t i v e sa lary and exce l len t benefi ts 
p a c k a g e . Fo r cons ide ra t ion , p l ea se send your r e 
s u m e and the n a m e s and addres ses of th ree refer
ences to: A r g o n n e N a t i o n a l L a b o r a t o r y , At tn : 
Wa l t e r D . M c F a l l , B o x A P S - 1 1 7 8 1 1 - 6 0 , E m p l o y 
m e n t and P l a c e m e n t , 9 7 0 0 Sou th C a s s A v e n u e , 
A r g o n n e , IL 6 0 4 3 9 . T e l e c o m m u n i c a t i o n s D e v i c e 
for the D e a f 6 3 0 / 2 5 2 - 7 7 2 2 . R e s u m e s a re e lec t ron i 
cal ly scanned and p r o c e s s e d . A let ter qual i ty re 
s u m e wi th a s t anda rd type face is r equ i red (no 
under l ines or bo ld , p l ea se ) . A n 
E q u a l Oppor tun i ty /Af f i rma
t ive Ac t ion E m p l o y e r . 

For additional information, 
please refer to Argonne's 
Home Page on the Internet — 
http://www.anl.gov/welcome.html. s/ry 0$ 

O 
C5 

O 

UNIVERSITY OF FLORIDA 
EXPERIMENTAL H I G H E N E R G Y PHYSICS 

ASSISTANT PROFESSOR 
The University of Florida invites applications for a tenure track Assistant 
Professor position in experimental high energy physics to begin August 
1997. Requirements include a Ph.D., demonstrated accomplishments in 
this field of research and good teaching ability. 

The new faculty member would become part of a strong and rapidly 
expanding research group that presently includes five high energy experi
ment faculty and seven high energy theory faculty. The experimental group 
will continue to expand in the future in the area of hadron collider physics. 
Currently the Florida group is leading in the design and construction of the 
Endcap Muon System of the CMS experiment at CERN. We also partici
pate in the CLEO experiment at Cornell and the CDF and MINOS experi
ments at Fermilab. One of the major muon detector development/testing 
sites for CMS is expected to be located in Florida. The new faculty mem
ber is expected to play a leading role in hadron collider experiments (CMS 
and CDF). Our work in these activities is enhanced by a powerful simula
tion and data analysis computer system, and the construction of a new build
ing for the physics department which will have large and well equipped 
laboratory space for hardware development and will be completed late 1997. 

Applicants should send curriculum vitae, bibliography and a description 
of research and teaching interests to HEE Search Chair, Department of 
Physics, P.O. Box 118440, Gainesville, FL 32611. Please arrange to have 
your reference letters sent or provide the names of at least three references 
for the Committee to contact. Applicants with questions may contact the 
Search Chair, Professor Guenakh Mitselmakher, by mail or by email at 
Mitselmakher@phys.ufl.edu or by telephone at 352/392-5703. The office 
fax number is 352/392-8863. The deadline for receipt of applications is 
February 28,1997. 

The University of Florida is an equal employment opportunity/affirmative 
action employer. Anyone requiring special accommodations to complete 
applications should contact the Search Committee Chair. 

Research Associate Posit ion 
Universi ty of Virginia 

Experimental High Energy Physics 

The University of Virginia Experimental High 
Energy Physics group is seeking qualified applicants 
for a Research Associate position to work on the 
physics of CP violation. On the short term, this 
work will focus on the KTEV experiment at Fermi 
National Accelerator Laboratory, and on a longer 
time scale, on the LHC-B beauty physics experiment 
at CERN. This position is now open. The successful 
candidate is expected to play an important role in 
the KTEV experiment in the operation of an e+e-
trigger based on a transition radiation detector and 
in the development of lepton detectors and triggers 
for the LHC-B experiment. Applications including 
curriculum vitae, a list of publications, and three 
letters of reference should be sent to: 

Prof. B. Cox 
Physics Department, McCormick Rd. 
University of Virginia 
Charlottesville, VA 22901 

Information concerning this position may be 
obtained through e-mail at: 

Cox @ UVAHEP.phys.virginia.edu 

The University of Virginia is an equal opportunity employer. 
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X - R A Y D E T E C T O R 
FEATURES 

Si-PIN Photodiode 
Peltier Cooler 
Cooled FET 
Amptek A250 Preamp 
Temperature Monitor 
Beryllium Window 
Hermetic Package (TO-8) 
PX2T Amplifier and Power Supply 
Optional CZT Detector 

APPLICATIONS 
X-Ray Fluorescence 
Medical X-Ray Detectors 
X-Ray Lithography 
Portable X-Ray Instruments 
X-Ray Teaching & Research 
Mossbauer Spectrometers 
X-Ray Space and Astronomy 
Environmental Monitoring 
Nuclear Plant Monitoring 
Toxic Dump Site Monitoring 
PIXE 

200 eV RESOLUTION 
Technology Breakthrough 

All Solid State Design / No More Liquid Nitrogen !! 

XR-100T 

Be 
W i n d o w 

Detector 
Temperature 

Moni tor 

Cooler 

5 5 FE Spectrum 5.9 keV 

250 eV FWHM 

NOISE 
350 eV 

Mount ing 
Stud 

Model XR-100T is a new high performance X-Ray Detector, 
Preamplifier, and Cooler system that uses a thermoelectrically cooled 
Si-PIN Photodiode as an X-Ray detector. On the cooler are also 
mounted the input FET and the feedback components to the Amptek 
A250 charge sensitive preamp. The internal components are kept at 
approximately -30°C, and can be monitored by a temperature 
sensitive integrated circuit. The hermetic TO-8 package of the 
detector has a light tight, vacuum tight 1 mil (25 jam) Beryllium 
window to permit soft X-Ray detection. The system resolution with 
a test pulser is 200 eV FWHM. 

Power to the XR-100T is provided by the PX2T Power Supply. The 
PX2T is AC powered and also includes a spectroscopy grade 
Shaping Amplifier. The XR-100T/PX2T system ensures quick, 
reliable operation in less than one minute from power turn-on. ENERGY (keV) 

AMPTEK INC. 6 De Angelo Drive, Bedford, MA 01730-2204 U.SA 
Tel: +1 (617) 275-2242 Fax: +1 (617) 275-3470 e-mail: sales@amptek.com http://www.amptek.com 

Move forward with HTS applications 

using Hoechst superconductors 

O u r propr ie tary Melt Cast Process 
(MCP) for p roduc ing B S C C O 2212 
bulk material permits the manufac
ture of a wide variety of shapes. It 
also allows the integration of low 
resistance silver contacts and easy 
mechanical processing. 

H T S current leads based on 
M C P B S C C O rods and tubes from 
Hoechs t are the first application of 
ceramic superconductors in electrical 

p o w e r engineering wi th currents 
u p to 10.000 A. A reduct ion of the 
heat load to the 4K level by more 
than a factor of 10 was achieved. 
This results in a significant reduct ion 
of the refrigeration costs and allows 
n e w innovative cooling concepts. 

Parts of up to 400 m m in length 
or diameter can also be used in 
applications in the field of magnetic 
shielding, current limiters or others. 

I f you are interested in further 
information, please contact: 

Hoechst A G 
attn. Dr. S. Gauss, Corporate Research 
D-65926 Frankfurt, Germany 
Tel: (+49) 69-305-166 54 
Fax: (+49) 69-305-164 36 
or 
Hoechst Celanese Corporation 
attn. L. Pielli, ATG, 86 Morris Avenue 
Summit, NJ 07901, USA 
Tel: (+1) 908-522-72 39 
Fax: (+1) 908-522-78 52 

H o e c h s t 
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Take control over your 
ion pumping needs 

MultiVac: 
a new window to the high-vacuum world 
Varian's MultiVac Controller operates 
up to two different ion pumps and two 
gauges, simultaneously and indepen
dently. So whether you need to operate 
a single pump, or have an application 
that demands multiple pumps, gauges, 
and computer control, MultiVac is the 
only controller you'll need. 

Unlike conventional controllers 
that operate at fixed voltages, MultiVac 
automatically optimizes voltage 
according to operating pressure, giving 
you the best possible pumping 

performance at any pressure. This also 
minimizes leakage current, delivering 
more reliable pressure readings down 
to the UHV region (10 1 ( ) mbar range). 

MultiVac is small, lightweight, and 
cost-effective. And with optional 
Windows software, it's very easy to use. 

To find out more about the only 

controller you need, call Varian today. 

Varian SpA (European HQ) 
Tel: (39) 11 - 9 9 7 9 - 111 
Fax: (39) 11 - 9979 - 350 

Varian S.A. (France) 
Tel: (1) 69 86 38 38 
Fax: (1) 69 28 23 08 

Varian GmbH (Germany) 
Tel: (040) 6696033+34 
Fax: (040) 6682282 

Varian Ltd (UK) 
Tel: ( 1 9 3 2 ) 8 9 8 000 
Fax: (1932) 228 769 

varian 


